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(Swanscombe), and Mr. W. F. Gibson, as well as to those 
authors previously acknowle<lged. 


HuKNcuuRrii, Kssicx, 
Dtctmhir^ 1910. 
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CHAPTER I. 

INTRODUCTION. 

As indicated by its title, this boa. • . 
primarily for Cement Works Chet/- ‘^tended 
it is hoped that it may be found ff ’ 
laboratories. Tt has been the aim Jt 
to include only essential details (j? ® compiler 

where this was possible without at ; . 
separate proeess will be found in a » ® u 

graph, and a method once describe.^ 
the text by that number when it t seated in 
carried out. An .epitome of most ,f “ ^ 

will be found at the foot of the fi^, j P’^'^esses 
In this way the book may be of u' 
younger and less experienced ^ guide to 

as for reference purposes by the es as well 

For the sake of uniformity ‘ 

volumes of the solutions empld a»d 

according to Reddrop’s system, a/®, 
followed by Phillips in his 
A table wiU be found in the 

instructioiw for making all the nef giving 

® joessary reagenta 
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and their strtjn^h in terms of E, this being the 
symbol used reagent tfe® equivalent or equi- 
valents of th., pgQ„g„+„ j nnV grams per 
litre. These I ’ with 

the same degr®f as those employed in 

volumetric ari "" Particulars refer- 
ence should b.l mentioned. 

xequtd ^ P-~ described in this hand- 
book : — 


^ HEMJCALS REQUIRE]). 


cid. 


Pure hydrocliloi ic a 
(Jomniercial „ ^ 

Pure nitric acid. 

„ sulplmi ic acid 
„ acetic acid. 

-lU. 

„ hydrofluoric ad 

Oleic acid. ' 

Oxalic acid. ! 

Pyrogallol. (.s,so,. 

Pure ammonium hv< , , 
jdaic. 

” ” ^^iocyanato. 

M ), tin' ^ 

Ammonium carbona 


» cliloridc^te. 

^ ” /”^^'^^^*Hnhydrou.s). 

Sodium carbonate (^.ryst-Ug), 


bicarbonate.* 


hydrogen pi, 
thiosulphatf 
Itydrate. 


losphate. 


Sodium acetate. 

„ sulphite. 

Soda lime. 

iVtassiuni bichromate, 
chromate, 
ferricyanide. 
feiT'ocyanide. 
nitrate. 

permanganate. 

,. carlionatc. 

hydrate. 

„ bisnlphate 

„ chlorate. 

Ferrous ammonium sulphate. 
Magnesium chloride. 

„ oxide. 

Manganese carbonate. 

Copi)er sulphate. 

„ oxide. 

„ turnings. 

Silver nitrate. 
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ChkmI(;\is KKQiriRKii — (coHiinited). 


Ferrous sulpliide. 

Platinum chloride. 

Piano wire. 

Lead Jiitrate. 

Indigo. 

Pure zinc. 

Mercuric chloride. 

Litmus. 

Bromine 

Methyl orange. 

Pistillcd water. 

i^henoiphthalein. 

OalcHim cljlori<k*. 

Alcohol. 

carbojiatc. 

h>Jior. 

Iceland spar. 

J’arafhn, 

Barium chloride. 

Petroleum ether. 


APPARATUS RKOUIRED. 


Abel’s Hash point apparatus. 

(Jork )>orer. 

A]).sor[)tion apparatus. 

( ^orks. 

Accurate balance and weights. 

Crucibles. 

.Vgate pestle and mortar. 

Desiccator. 

Air oven. 

1 >i*ying tubes. 

Argaml burners. 

Erlennieyer flasks. 

Barometer. 

Evaporating basins. 

Batter}'. 

File. 

Beakers. 

Filter paper. 

Bellows. 

Flasks. 

Blowpipe. 

Funnels. 

Bottles. 

(tas analysis apparatus. 

Bunsen burners. 

Ketort .stands. 

Burette holders. 

Class tubing and rod. 

Burettes. 

Graduated flasks. 

Calcimeters. 

Grease pencil. 

Calorimeter. 

Hot plate. 

Clips. 

lndia'rub])er tubing. 

Clock glasses. 

Iron pestle and mortar. 

Condensers. 

Measuring tubes. 
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Apim k atus Riwi RED — {im tinucd). 

Microscope, 

Sieves. 

MufHr furnace. 

Specific gravity bottles. 

Nitrometer. 

Spatulas. 

Phillips beakers. 

Spotting tile. 

Pipe-clay triangles. 

Thermometers. 

Pi]>cttes. 

Test tubes. 

Platinum crucible and caps 

ule. Vi.scosimeter. 

Kcagent bottles. 

Ware pestle ami mortar. 

Retorts. 

Wash bottles. 

Rough ])alance. 

Watch glus.se.s. 

Rubb(?r bungs. 

Sample jars. 

AVeighiiig bottles. 

The following works have been consulted in the 
compilation of tliis book, and are recommt^nded 

for reference purposes 

? : — 

Authors. 

Rook. 

Phillips, 

ErKjinei'rinij Chem isfrt/. 

Stangcr and Blount. 

Reprint from J.S.U.I. on Cement 


Analy.sis. 

Clowes and Coleman. 

Quaitfifafire A 

C. and J. J. Beriiigcf. 

A Text Booh on Asmi/inf), 

Dennis. 

lleiupers Ga,s Anak/nis. 

Kenwood. 

Tuhlk IfeaUh hihorofortf IForl:, 

Baylcy. 

Chemist's Pocket Pool, 

Meade. (U.S.A.) 

Portland Cement. 

Eckel. „ 

Limes, Plasters, and Cements. 

Taylor, „ 

Cement Testlmj. 

Orton, „ 

Hydraulk Cements (Ohio Survey, 


vol. iii.). 

Mellor, J, W. 

A Treatise on (juaniitative Inorganic 

* 

Analysis (Griffin), 
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AFTER ]T. 

ANALYSIS OF RAW MATERIALS. 

Sampling.- Wl)eii .sanii)ling a ]iew supply, or 
possible source, of raw materials, great care must 
be taken to obtain an accurate average sample. 

When possible llie sampling should be supervised 
by the chemist or oilier competent person. The 
])lan to be followed necessarily varies with the 
situation a-nd matter] a1, and must be left to the 
discretion of those oji the spot. If possible, samples 
should be taken at different de])ths as well as hi 
different places on the surface of a deposit. Each 
sample should be carefully numbered and labelled 
for reference purposes. Distinct geological layers 
should be specially sampled and separately 
analysed. 

All the samples should be examined separately, 
and an average sample of the lot should also be 
made and analysed. In the case of large samples 
of fairly dry materials, such as limestone, /the 
material should be reduced to a convenient size, 
thoroughly mixed, made into a heap, and sampled 
by quartering ” ; ^ that is, the heap is divided 
into four equal parts diagonally, and an equal 
amount taken from each part ; if nepessary, this 
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may be repe^^^ ^ convenient weight or 
bulk is obtaiil^^^* ^ clays, etc., 

greater difficr^^^y experienced, and these 

are more reac^^y ^simpled after being allowed to 
partially dry. percentage of moisture in 

sample is however, this should be 

done approxi’t^^^^ly ^ sample as 

possible, as more accurately, as described 

later. 

(1) Chalk Limestone. — If sufficiently dry ’ 
break up the sample in a clean iron mortar, and, 
by quartering, obtain a portion for examination 
weighing aboui*^ grams. Store the remainder 
in a numbered^ labelled jar or large bottle for 
reference purpc^^®^®* Grind the smaller portion by 
hand or in a cl(f^^^ sample mill to all pass through 
the 100-mesh j^i^^e, and place in a clean, dry, 
stoppered bottll® foJ* analysis (A). 

(2) Moistd^" — difficult to 
reduce to poWyier’ weigh up on a “ decimal ” or 
other balance f® » quantity as possible, say 
1,000 grams, ol roughly crushed sample. Place 

in a large tin 

plate, taking ^^® temperature does not 

rise above lk0° to 120° C. When apparently 
quite dry allo« t® cool, and weigh. 

Loss in weig^^ ^ approximate moisture. 

Repeat if ne^o®®®*y’ calculate to percentage. 

As' a rule a f^^y approximate estimation of the 
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moisture only is necessary. Treat tive dry sample 
as in (1). 

(3) If fairly dry and readily jpowdered, an 
accurate estimation of moisture may be made as 
follows:— 

Weigh out accurately into a Iflat porcelain 
weighed dish or capsule 5 grams (j)f the sample 
(A) and place in a steam or hot air oven at a 
temperature of 100° C. for one hlour. Remove 
from oven and place in a desiccatoir ; when quite 
cool weigh rapidly ; note weight. | Generally one 
hour’s drying is sufficient, but th^ result should 
be cliecked by replacing in the oven for another 
twenty minutes, cooling and w^eighilng as before. 

Loss in weight x 20 -- percentage of moisture 
at 100° i\ j 

Place the dried material in a |dean, dry, stop- 
pered weighing tube, and use for |inalysis. 


Epitome, 

Break up sample roughly. 

“ Quarter ” to about 300 graiiis. 

“ Approximate moisture ” on jhot plate. 
Accurate moisture in oven at 100° C. 

Reserve large sample for inference, dried 
material for analysis. 

(4) Loss on Ignition — Into fa weighed plati-'' 
num capsule or crucible weigh cj)ut 0*5 gram of 
the dry material and. place in a/ gas muffle at a 
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bright red heM for twenty minutes. It is some- 
times necessajry to cover the capsule with a 
crucible lid dx'iring the first five minutes of heat- 
ing to avoid |oss by “spurting.” At the end of 
the tw^enty minutes remove from muffle and allow 
to cool in a de^«iccator ; weigh. 

Loss in wMght x 200 -- loss on ignition (or 
CO 2 + H 2 O and organic matter). 

Reserve residue for analysis. 

Epitome, 

0*5 gram i|i midH(^ for twenty minutes. 

(.V)ol in ck\4iccaior and Aveigh. 

I 

(5) Silica ailjid Insoluble.-— Brush Hie ignited 
residue from (4) into a ti- or 7-ijK*h evaporating 
dish, fiat form. I (^autiously add about 15 e.e. of 
distilled water, ; rotate to prevent formation of 
lump, and addj 25 e.c. of lOE .H(t ; wash out the 
platinum vesseh with a little acid into the dish, and 
place latter on ^he cooler part of a hot ])late or on 
a waiter bath. 

Evaporate vcr^y carefully to dryness to avoid 
spurting, and t!ieii cover with a clock glass and 
remove to the Iiottest part of plate and allow to 
bake for one hmir. Remove from hot plate, allow 
to cool for five iWnutes and add 25 c.c. of lOE HCl 
"and w^arm ver\ gently until the residue is free 
from colour due to iron compounds. Wash down 
clock .glass and . nterior of dish with boiling w^ater 
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from a wash bottle. Filter through 9- or 12-cm. 
'' rapid ” paper into a 40-oz. Phpips beaker, 
retaining as much as possible of the Fosidue in the 
dish ; wash by decantation thus tr-ree times at 
least, and then wash residue into thf hlter, scrub 
out tlie disli by means of a rubbe ‘-tipped glass 
rod. and finally with tlie tip of tlu^ finger, until 
ev('ry tra(‘e of residue is contained; *n the filter 
paper. , 

When liJtralc' has run through, plfe^oc the funnel 
and contents, which, as well as all other apparatus 
used, should })e distinguished by a n^iibor or mark, 
in a. drying cone on tlie hot jilate (l>i* oven to dry. 
f-arefully transfer paper and contentl^^^'^ to a weighed 
and marked ])oreelain cru(*ible, burn off pajier over 
a burner or in ihe mouth of the mufl^le furnace, then 
ignite in muffie for one hour, (vjol in desiccator 
and weigh. 

It is convenient to retain all \ ppts. obtained 
during analysis for ignition togethqi* later. 

Weight weight of (;rucible ii^soluble. 

Insoluble , 200 per cent, silic^a i insoluble. 

Epitome, 

To residue from (5) add 25 c.c. iOE HCl, 
evaporate to dryness, and b.la^kc. 

Take up with 25 c.c. HCl. Filtl^^r, wash, weigh. 
Reserve filtrate for (7). ^ 

(6) It is not generally necessarT to separately 
estimate the soluble and in8olub](^ Si 02 , but this 
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may be'dcHifil on another porticm of the original 
material as f(^llows: — ^Weigh out 0-5 gram into a 
5-inch evaporjating dish, add water as before, and 
cautiously adid 25 c.c. lOE HCl, covering the dish 
as much as p|ossible with a clock glass to prevent 
loss. Warm can a hot plate until all soluble matter 
is in solution,] then filter this through 9-cm. rapid 
paper and Wv^ash by decantation, retaining the 
residue in the dish. The filtrate is used for SO^ 
estimation 

Invert the funnel over the dish and wash out 
any trace of residue in the paper. Add 10 c.c. 3E 
NogCOj, solutiojh and boil for ten to fifteen minutes,, 
filter rapidly tjhrough the paper previously used 
and wash witSh boiling water until free from 
alkali or until L drop of filtrate evaporated on a 
watch glass lealves no residue. Dry, ignite, and 
weigh. ! 

Weight X 20fj per cent, insoluble residue. 

It may be njecessary to estimate alumina and 
iron oxide in tlhe insoluble residue by fusion ’’ 
or after treatmc^nt with HF. 

! Epitome, 

0*5 gram treated with 25 c.c. H(.l warm. 
Filter by| decantation, wash. 

Boil residu^ with 10 c.c. NagFO;; solution. 

Filter, washj, dry, weigh. 

I 

(7) Alumina and Iron Oxide.— The filtrate 
fr<^ (5) is retur^ied to the dish and warmed until 
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nearly boiling. Add a drop or two of bronune 
water ; continue to warm, and add oarefolly 
lOE NH 4 OH until a ppt. forms ; stir with 'gl^aa 
rod and add slight excess. Allow to remain on 
hot plate until nearly free from odour of- am- 
monia, or about fifteen minutes. Filter through a 
15-cm. rapid paper and wash with boiling water, 
churning up the ppt. on the filter paper with the 
water jet, until a drop of the filtrate gives no 
indication of the presence of chloride when tested 
E 

solution. Dry and ignite in muffle 

one hour, cool in desiccator, and weigh. 

Weight of ppt. X by 200 = per cent, of AhO., + 
FcjO,.). Ihe amount of AI^Oj ^ Fe^Os in a lime- 
stone is generally so small as to render separation 
unnecessary. 

Epitome. 

Filti’ate from (5) ; nearly boil. 

Oxidise with Br water and ppt. with NH 4 OH. 
Wann for fifteen minutes, filter, wash, 
ignite, weigh. 

( 8 ) Lime.— The filtrate from ( 7 ) is brought 
nearly to boiling point in a large Phillips beaker. 
Add a few c.c. of 5E NH4OH and boil ; whilst 

boiling, add 50 c.c. of boiling Am. oxalate 

solution, place a watch glass over beaker and allow 
to steadily boil for five minutes. Remove from the 
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direct heat and allow to giettle, if possible in a warm 
place, for one hour or longer. 

Filter through a close-textured 15-cin. paper 
into a large bottle or beaker, wash the ]:)pt., first 
by decantation with warm but not boiling water ; 
then wash ppt. into the filter paper, removing any 
traces adhering to sides of the beaker by means 
of a rubber-tipped glass rod. 

The lime may be determined gravijnetiieally 
as CaO (8a), (^aOO;i (8/>), or (USO,, (9), or volu- 
metrieally by means of standard permanganate (10). 

(8rt) Gravimetric Determination as CaO« 
— Wash the ppt. until free tiom el)lorid('s. dry, 
ignite iji platinuni crucible, at first over biinsen 
then over a blast burner, or in hot mulfie furnace, 
cool in desiccatoi' and weigh, repeat igtntion until 
a constant weight is obtained. 

Weight of (^aO < 200 per cejit. 

Per cent. CaO :: 1*786 per cent. Ca(H) 3 . 

(8h) Gravimetric Determination as CaCOa* 

— Wash ppt, until free from chlorides, dry, and 
ignite, preferably in a platinum crucible, over a 
bunsen burner, allow to cool, and moisten con- 
tents with 5E AniaCOs, carefully drive off moisture, 
and again ignite over bunsen. Coo\ in desiccator 
and weigh as CaCOs. 

Weight of CaCQ;i x 200 - per cent. CaCOs, 

Per cent. CaCOg x 0*56 per cent. CaO, 
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(9) Lime as CaS 04 . — ^Wash calcium oxalate 
ppt. until free from chlorides, dry, place in weighed 
platinum crucible with a lid, and ignite gently 
over a bunsen burner to burn off filter paper. 

Remove from burner, allow to cool, and add by 
means of a pipette or glass tube with a fine point 
a fe\A drops of water, then, drop by drop, pure 
strong (IlfiE) H28O4, holding the lid over the 
crucible whilst so doing, until the whole of the^ 
ppt. is moistened with the acid. Heat the 
ujicovered crucible over an argand or bunsen 
burner with a rose top, using a very small flame, 
in a draught cupboard until fumes cease to be 
evolved. Replace the lid and heat just to red* 
ness over a burner for about thirty seconds, cool 
and weigh as Oa8()4. 

Weight of CaSth x 0*412 x 200 ■ per cent, 
(.^aO ; or use table (see Appendix). Calculate to 
(^aCO. as in (10). 

(10) Volumetric Determination of CaO.— 

In order to avoid accumulation of a bulky filtrate 
for MgO determination, continue washing the cal- 
cium oxalate ppt. on the paper into another 
vessel until a drop of the filtrate will not discolour 
a little distilled water rendered just pink with a 
trace of permanganate solution acidified with 
5E H28O4. 

Then carefullj^ remove the paper and its contents 
from the funnel, open it out over a large ordinary 
beaker, and wash the ppt. from the paper into the 
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beaket ; it is better to complete this operation by 
•using a small wash bottle containing 5E 
Add 15 to 20 o.c. of this acid, make up the contents 
of beaker with water to about 250 c.c., and br ing 
to boiling point. 

Titrate with standard permanganate solution, 
the strength of which is known in teri^ of CaO, 
until a permanent pink colouration iS^^tained. 

Number of c.c. used x hictor x 20^= percent- 
age of CaO. 

Per cent. CaO x 1-786 ■ CaCOa. 

E'piiome. 

( 8 ) Boil filtrate (7) ; add ammonia f 50 c.c. 
boiling Am. ox. ; allow to settle, filter, 
wash, ignite, and dry as t^aO ( 8 ft) or 
CaCO, (85). 

(9) Dry, ignite, add sulphuric acid in platinum 
crucible, drive off sulphuric acid, weigh 
as CaSOi. 

(10) Dissolve in 5E HjS 04 + H^O, boil, titrate 
with standard potassium permanganate. 

( 11 ) Magnesia. — Evaporate the filtrate from 
< 8 ) nearly to dryness in the large dish ; add 30 c.c. 
16E HNO 3 ftud heat on hot plate in draught 
cupboard until no more ammoniacal salts are 
volatilised. 

Remove from plate, allow to cool; then add 
about 5 c.c. of lOE Ha and about 20 c.c. of 
wa/fer,. Warm and add slight excess of lOE 
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NH4OH ; filter off the small ppt. of SiOj, 

FejOa through a 5 cm. rapid paper and wasli. 
This may generally be ignored as being dne to 
impurities in the reagents and from the vessels 
used. 

To the filtrate, which should not exceed 100 c.c. 
or so, when cool add at least 10 c.c. of 20 E NH 4 OH, 
2E 

then .'j c.c. of Na^HPOi solution. Stir well with 

a rubbcr-tip]jed rod, but avoid touching the sides 
of the beaker as much as ])ossible, and place in a 
dish of water or other cool place to settle for 
twelve hours (over night) if time permits. 

When the ppt. has completely settled, filter 
through a 7- or 0-cm. close-texture filter paper, 
wash by decantation, using 5E NH4OH ; then^ 
transfer ppt. to the paper, rub out carefully 
any particles adhcrijig to side of beaker, and 
wash on the paper until a drop of the filtrate, 
when acidified with HNO3, gives no ppt. with 
E 

_ AgNOa solution. 
o 

It is important that the washing should be com- 
plete, but not excessive. 

Ignite, best in a platinum crucible, first at a low 
temperature over a bunsen burner and then at a* 
higher temperature ; or in a muffle furnace for 
twenty minutes. Cool in a desiccator and weigh 
as MgjPaO,. 

Weight of MgisPjO, X 0-362 x 200 = per cent. , 
MgO ; or use table {Appendix). 
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Per cent. MgO x 2*1 -- per cent. MgOOg. 
Sodinm ammcHiium phosphate (microcosmic salt) 
has been recommended in place of sodium hydro- 
gen phosphate. 


Epilomr, 

Evaporate lime filtrate to dryness. 

Add 30 c.c. 16E HNO.i and drive off am- 
monium compounds. 

Take up with 5 c.c. lOEHCl, ppt. with lOE 

NH4OH. 

Filter, wash, cool. Add 20 c.c. lOE NH4OH 
and 5 c.c. Na2HP04 solution, stir. 

Allow to settle, filter, wash with oE NH4OH. 

Dry, ignite, weigh as HgoP^OT. 

Calculate to MgO or MgCO.,. 

(12) Alkalies are generally estimated by differ- 
ence, but the method described under Clay (31) or 
Cement (122) may be adopted if necessary. 

(13) Sulphates. — Boil the filtrate from (6) and^ 
whilst still boiling, add 10 c.c. of E Ba( I2 solution ; 
after five minutes allow to settle in a warm place 
for a few hours. Filter through a 7-cm. “ sul- 
phate ” paper, wash with warm water until free 
from chloride, dry, ignite, and weigh as 
BaSO^. 

Weight of B,aS04 x 0-3431 200 = per c^nt, 

of (see Appendix 26a). 
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Epitome. 

Filtrate from (6). Boil, add 10 c.c. E BaCJl*. 

Allow to settle, filter, wash, ignite, wei^ -as 
BaSO,. 

(14) Accurate Estimation of Carbon Di- 
oxide. One gram of the limestone is decomposed 
by hydrochloric acid in a fiask, the carbon dioxide 
evolved is absorbed by potash solution, after pass- 
ing over various reagents, and weighed. 

The following apparatus must be fitted up. The 
lettering refers to the illustration. (Big. 1.) ' 

A fairly wide-mouthed flask (A) is fitted with a” 
three-holed rubber bung; through one hole is 
passed a stoppered funnel (6) ; a tube (a), con- 
taining soda-lime, is passed through one of the 
other holes ; and the remaining one is fitted with 
a glass tube which is connected to the absorption 
apparatus. A two-holed bung may be used, in 
which case the funnel is substituted by a pipette 
connected at the upper end with a soda-lime 
tube, a clip is placed on the connecting rubber, 
and this is released when the acid has to enter 
the flask. The tube leading from the flask is 
connected by the rubber tubing, first with bulbs 
(B) containing strong HjSOi ; secondly, to a 
U-tube (C), the nearer limb of which is filled with 
copper sulphate pumice, and the other with .solid 
calcium chloride. Connected to this tube are the 
potash bulbs (B), in winch the carbon dioxide ha^ 
to be absorbed and weighed; and these fipe ^ 



18 


CEMENT CHEMISTS^ HANDBOOK. 


turn connected to a straight tube containing 
calcium chloride, which is weighed with the bulbs. 
The absorption bulbs should be filled with 



5E KOH solution in sufficient quantity to half 
fill the smaller bulbs and to be contained in the 
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large pear-shaped bulb should there be any back 
pressure. The \^’hole apparatus is connected with 
an aspirator made from a Winchester quart bottle 
as shown. 

Instead of ])otash bulbs, a U-tube containing 
soda-lime may be used. 

Stop]jHied U-tubes are to be preferred to corked 
ones ; if tlic* latter are used, they should be made 
air-tight with paraffin wax. 

A little (^otto]i-\\ ool sliould be placed before and 
after the calcium chloride and pumice-stone in 
the tubes, to ])revent the passage of fine dust. 

All rubber conne(t.ions shoiild be wired on and 
the apparatus tested before use. When the 
apparatus is ready for use, detach the absorption 
apparatus ; close the open end of the rubber tube 
by means of a bit of glass rod. See that the bulbs 
and tube are quite dry, and weigh. 

Weigh into the flask I grau) of the material, 
cover it with watei‘. Place 50 c.c. of 5E HCl in 
the funjiel or pi])ette, and reconnect up the whole 
apparatus, except the aspirator. (lose the air 
inlet through the soda-lime tube, by means of 
rubber tubing and clip. 

Allow acid to drop slouly on the carbonate so 
that the bubbles of air driven from the apparatus 
may be easily counted as they pass through the 
sulphuric acid ; continue addition of the acid until 
effervescence ceases. 

Close the stopper of the funnel, or, if a pipette, 
carefully push the point under the surface of the 
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liquid, atta<jh the aspirator and set it in action. 
Place an argand burner under the flask and warm 
gently. Open the air inlet tube so that a current 
of air is made to pass through the apparatus until 
quite half the water in the aspirator has run out. 
Then stop the operation, disconnect ajid stopper up 
the w'eighed bulbs, allow to get quite cool, and 
weigh. 

Tncrease in weight . 100 jKU* cent. (’(h. 

KpHomr, 

One gram decomposed by hydrochloric acid 
in tlic absor))tion apparatus. 

Carbon dioxide absorbed in ])otasl\ or soda- 
lime, and weighed. 

(io) Rapid Estimation of Carbon Dioxide, 

— A rapid and fairly accurate estimation of carbon 
dioxide may be made in the following apparatus, 
represented in Fig. 2. 

Fit a wide-mouthed 4-oz. flask with a rubber 
bung. Through one hole place a piece of glass 
tube attached to a straight rlrying tube. Through 
the other hole run a piece of glass tubing closed at 
the outer end with a small piece of rubber tubing 
and glass rod. 

A small piece of cotton-wool is first placed in the 
bulb tube, and the bulb is then tilled with dehy- 
drated copper sulphate pumice followed by granu- 
lar calcium chloride in the straight part ; another 
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piece of wool is then inserted and the tube closed 
^\^th a cork bearing a small glass tube. 

Thoroughly dry the apparatus, weigh out I gram 
of the carbonate and bi'ush it into the flask ; cover 
with water, and then lower a small glass or gutta- 
percha test tube containing about 7 c.c. of 5E HCl 
into 1 1)0 flask f>v means of a ])iece of cotton. Insert 
the .sto]>|>er that tlie cotton from which the test 
tube is sus])ended is lield in place. 



Weigh the whole a])paratus and contents. 
Slightly ti]) the apparatus so that the acid is 
caused to leave the test tube a little at a time. 
When effervescence has ceased, warm the flask 
over an argaud burner for about five minutes ; 
allow it to cool somewhat, and then draw, by means 
of an aspirator as in ^(14) or by the mouth, a 
current of air through the apparatus, for this 
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purpose removing the rubber cap of the inlet 
tube. Allow the apparatus to cool, see that the 
exterior is quite dry, and weigh complete a& 
before. 

Loss in weight ^ 100 per cent. (‘Oo. 

A determination can be inade in about thiii-y 
minutes. 

A modified Schrdtter’s apparatus may be ejn- 
plo\ ed in place of abo^ e if preferred. 


EptlOlHV. 

Weigh into prepared flask 1 gram. 

Decompose with hydrochloric acid, warm* 
cool, weigh. 


The total carbouatx* iji an ordinary chalk or 
limestone may be rapidly estimated as calcium 
carbonate upon one of the calcimeters described 
in Chapter 111., and esjiecially conveniently upon 
fSlater’s instruiuent, using the table given in 
Appendix (27a and 28a). 

A dolomitic or magnesian limestone is insoluble 
in cold hydrochloric acid, and therefore the carbon 
dioxide cannot be estimated upon a calcimeter. 
Of course, for Portland cement manufacture to 
standard specifications such limestones are useless, 
and therefore of no importance. 

Should an analysis of such material be required, 
the methods previously described (5, 6, 7, 8) may 
be used ; but care must be taken that throughout 
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the analysis there IkS a siifiiciejit quantity of ammo- 
nium chloride present to prevent the precipitation 
of magnesium by ammonia. 

Jn reporting the result of an analysis of a chalk 
or limestojic, it is generally sufficient to state 
total lime as (*a(), and its equivalent of CaCOa 
sepal ately, AJgO, loss on ignition (which includes 
0(K. 11,0. and organic matter), silica, ferric oxide 
and alumina ; and alkalies by diflerenct*. 

MARLS, GAULT CLAY, CALCAREOUS 
SHALES. "Fhese materials, as found in the 
Rritisli Isles, are ijit(Tmediate in chemical com- 
])()sition between limestones and true clays and 
shales. 

The method adopted foi* analysis must largely 
depend upon the particular material under exami- 
nation : where the calcium carbonate is present in 
the proportion of 70 to 75 per cent., the processes 
described under Limestone (1 and following) may 
be used. When the Cat XL does not exceed 25 per 
cent., the methods to be described for clays and 
shales may be used, care being taken that, after 
treatment with sulphuric a(*id, sufiicient lOE HCi 
is used to take up all the calcium sulphate formed, 
or this will be included erroneously in the ‘‘in- 
soluble.” 

The following method giving total SiOg, Ee^Oa, 
AI 2 O;;, (JaO, and MgO may be used in most cavses 
satisfactorily. 

(16) Weigh into a capacious platinum crucible or 
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capsule 1-0 gram of the dry sample (3), and ignite 
in muffle at a good red heat for twenty minutes. 
Oool in desiccator and weigh rapidly. 

Loss in weight ^ 100 - percentage loss on 
ignition. 

(17) Mix the ignited residue with about o grams 
of fusion mixture or pure anhydrous sodium 
carbonate in a platinum crucible or large (‘apsule, 
using the smooth end ol a glass rod to incorporate 
the cojiteiits. 

Heat (airelully over a l)unsen bm*ner for about 
ten minutes, ajid then ov(t a blast burner or in a 
muffle until tlu' mixture is in a state of ([uiet, com- 
plete fusion. I\()tat(‘ the crucible to s])read the 
fused mass as mu(*h as possibhx and then allow to 
cool rapidly by standing in a little cold water oi* 
on a c'old slab. Place in a large evaporating 
basin, cover with distilled water and digest on hot 
plat(^ ujitil the mass has bjokeji u]) and the (-rucible 
and lid can be washed clean. If necessary, a little 
r)L H(1 may be used to ensure the crucible being 
clean. Then add suffl(*ienl, lOE HCl, a little at a 
time, covering the dish as far as possible with a 
clock glass to prevent loss, until a clear solution 
is obtained. 

Evaporate to diyjiess on the hot plate or air 
bath, remove and add about 10 c.c. of lOE RVl, 
and wash any material from the clock glass and 
sides down into the bottom of dish. Evaporate 
slowly to dr^mess, if necessary breaking up any 
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lumps that form with the end of a glass rod ; w hen 
dry, bake on the liot plate for at least one hour. 

Remove from the liot plate and, when Jiearly 
eool, add 25 e.e. IDE H(.1 and sufficient water to 
dissolve the (ihlori(i(‘s formed. 

Reeajit through a 12A cm. I’apid paper, add 
mor(‘ aeid to residue in basin and warm if neces- 
sary, v\'ash lili free of chlorides. 

Re-evaporate filtrate in same basin, j)roceed as 
above, filter, wash, and place both filters whilst 
inoisl in a platimmi ciaieible, ignite, ajid weigh. 

Weight of residue 100 = “ uneorrected SiO^/' 

^Moisten w ith distilled water and half fill crucible 
with H F, add 5 dro])s of ‘JOE warm in 

fume chamber unlil dry, repeat, and heat to 
bright redness and then blast or ])lac(‘ in muffle 
for fiv(‘ iniinites. (V)ol in d€\sieeator and weigh; 
multiply by 100 and dediud. from ‘Mmeorrected 

Residue may ])e analysed for Aip., (hO, and 
]\lgO, but is ehiefiy Al.(),>, or it may be fused, as 
described abox e, and the solution added to main 
filtrate. 

(17/^) The total A1.X):{ ; FeA);^ maybe estimated 
in the filtrate from SiO, separation (17), as de- 
scribed in (7), but first ppt. should be filtered off, 
lightly w^ashed, dissolved in hot lOE H(1, repre- 
cipitated with IOENH4OH, filtered, washed, dried, 
ignited, and weighed in platinum crucible. 

Weight of ppt. X 100 = percent. FegOs x A1,0;{. 
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{17c') Estimation of Fc02* — Fuse the ignited 
ppt. from (llh) in the platinum crucible with 
pyro- or bi-sulphate of potassium, allov^ to cool 
and dissolve in cold distilled vater, acidify with 
5E H2S0 i, and estimate iron volii metrically (26) 
or (27). 

If preferred, the hit rate from (17) may be made 
up to a known volume ajid divided into equal 
portions, using one for determination of Fe^O.j 
(25, 26, 27). 

In the hllrates from (17/^) estimate CaO as ij^ 
(8) and .MgO (II). 

The purity of the reagents employed should be 
tested by performijig a ‘‘blank" analysis using 
same (piantit-ies. 


p] pi tome. 

Fuse 1 gram with fusion mixture. 

Dissolve mass in water and hydrochloric acid. 
Evaporate to dryness, bake, cool, take \\p 
with water and hydrochloric acid. 

Filter, wash, and weigh SiCh. 

Ppt. Al.A\FeA) ; with ammonium hydrate (7). 
Filter, wash, weigh. 

Estimate Fe.>(V, (176). 

Filtei*, wash, weigh. 

Ppt. FaO with ammonium oxalate (8). 

Filter, wash, estimate. 

Evaporate to dryness, add 30 c.e. nitric acid. 
Estimate MgO as Mg^PaO, (11). 



ANALYSIS OF RAW MATERIALS. 


27 


(18) CLAY, “"A mechanical analysis of clay, 
except for brickinaking, is not often required. 
When necessary it may be carried out on the 
undried samples by eliitriation. For this purpose 
an apparatus specially made ma\^ be used, or a 
series of bottles or jars can be fitted up as 
folio \^s: 

(Loose tlsree wide-mouthed bottles and fit them 
with sound corks, each bored with two holes to 
/‘any fairly large glass tubing, in each case one 
]Mece being (‘arried to the bottom of the vessel and 
the other just through the cork. The longer tube 
of the lirst bottle is connected to a water tap or 
reservoir, the smaller ])iece to the >uccocdijig bottle, 
and so on, so that a stream of water may be run 
through the wtiole a])]>aratus, the overflow^ from 
the last bottle being caught in a large jar or pail. 

A weighed amount, say 100 grams, of the clay is 
yjlaced in the bottle attached to the taj) and a 
gentle stream causcfl to circulate through the 
apy)aratus until the overflow water comes over 
quite clean. Tlie water is then turned off, and the 
material in the bottles allowed to subside. The 
bulk of the water is poured away, and the solid 
matter w ashed out into a weighed dish, dried, and 
weighed. The residues being reported as coarse 
(sand), medium, hue, ajid very hue by difference. 
All results being calculated on the dried clay. If 
necessary, the hneness of each portion upon 
standard sieves may be taken. As stated pre- 
viously, how^ever, upon a cement works using 
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modern machinery the physical condition of the 
raw material is of little importance compared 
with the chemical composition. 

The moisture should be “approximately esti- 
mated ” (2), and the whole sample, when dry, 
powdered. A smaller sample obtained by (juarter- 
ing should then be dried in the air oven and 
kept for analysis in a weighing tube or stoppered 
bottle. 

(ISb) Soluble SalL ^. — Boil o grams of the dried 
clay with 250 c.e. of distilled water foi* lialf-an- 
hour in a hard glass flask, make iij) loss dm' to 
evaporation. Allow to settle, and tilte!*, best by 
means of an eartJnmware cone and tiiter pump. 
Wash residin' with hot distilh'd water, e\ a])OJate 
filtrate to dryness at 1 (\, and weigh. 

Residin' . 20 per cent, soluble salts. 

(J8(‘) In order to remove carbonates, treat 
5 grains of the clay with E H(’l, which also may 
remove colloidal liydroxides of iron and alu- 
minium. Filter, wash, dry, and weigh ri'sidue. 
Estimate calcium, alumina and iron in the tiltrate. 
Unless there is a considerable })ro])ortion of 
carbonate present this operation may well be 
omitted. 

(19) Partial HafionaJ Analysis . — Treat 1 gram 
of the dry powdered clay or residue from 186 
and/pr ]8r in a large porcelain or platinum dish 
w ith 20 c.c. 36E H28O4 ; rotate cautiously to break 
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ip any lumps, cover with a clock glass, and heat 
rery gently, best over an argand burner, for 
LO hours (over night). In the morning remove 
he clock glass and increase the heat sufficiently 
)o steadily drive off the sulphuric acid. 

Wlien no ]noi*e fumes are evolved, place on the 
lot ]>late f()i‘ about twenty minutes. Remove from 
he hot j)laU\ allow to cool somewhat, and tlien add 
25 c.e. of li)E Hi'] and a little distilled water. 

Filter through a 12*5-cm. rapid pa])er, retaining 
he insoluble matter in the dish. Acid another 
25 e.e. of hydro(‘hloric acid, digest on the hot 
;)]ate for a feu minutes, add water, and filter as 
lefore. 

Ue])t‘at this operation, using altogether 75 c.c. 
)f acid, then wasli by decantation until free from 
‘hlorides, ajid wluui cold make filtrate up to 
m c.e. (24). 

Wash any material upon the (ilter paper back 
iito the dish and boil with 25 c.e. of 5E NagfXIa 
ajlution or with 1 gi’am of sodium carbonate 
crystals and sufficient water, for about fifteen 
minutes. Filter, whilst still hot, through a 
I2 r)-cm. rapid ])aper, and wash with boiling water 
iiitil quite free from any trace of alkali. Reserve 
htrate for Sitb estimation (22). 

Dry residue, ignite in platinum crucible, and 
^veigh. 

Weight X 100 per cent, insoluble, sand, etc. 


(20) After weighing, treat the insoluble matter 
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in the platinum crucible with about 5 c.c. of hydro- 
fluoric acid and a few drops of 36E H2SO4, u arm 
over a small argand flame in a good draught cup- 
board until no further fumes are evolved. Repeat 
three times, when tlicre should be only a small 
residue remaining. 

Treat tliis residue with lOE HC'l, warm in a 
small dish or beaker, and filter through a 7-em. 
rapid paper. 

(21) In tlie filtrate from above, estimate (7) 
ALOa. 

Weight X 100 - per cent. Al^Oj in insoluble. 

It is usual then to calculate the AloO.^ to fel8])ai* 
6Si02.Al2()vK20 thus : 

Per cent. Al^Oa / 3-5 = ]>er cent. SiCh. 

Per cent. ALAI, x 0 per cent. KgO. 

Percent, insoluble - felspar percent, quartz. 
bSee Aiype7i(Hx for example.) 

The insoluble matter can then be reported as 
shown in Appendix (L\). The result thus obtained 
is not absolutely ac^curate, but suffices for niost 
purposes. 

(22) Instead of treating the residue (19) with 
hydrofluoric acid, the SiOi and AI2O3 can be esti- 

hnated by fusion as in (17), and for cement-making 
purposes this procedure is recommended. 

^(23) Acidify the alkaline filtrate from the in- 
Boluble estimation (19) with lOE HOI, and evapo- 
rate carefully to dryness in a platinum or porcelain 
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dish ; bake for one hour, allow to cool, and then 
take up with water and a little lOE HC51, filter 
through a 12*5-cru. paper and wash till free from 
chloride. Dry, ignite in muffle tor one hour, and 
weigh. 

Woiglit '' 100 per cent. Si(L. 

(24) rhe tiit]‘ate, which has been made up 
to 500 C.C., IS divided. In one part (250 c.c.) 
the Al.,(>i - FeJL, OaO, and AlgO arc estimated 
.as in (7), (S), and (IJ), (17/>) or (17r). 

(25) S(})(n'ale oj .Fe^fh. — In the 

other ])art the ALth -r FcsCb is ]>ptd. as in (7), 
filtered and waslied slightly ; it is then rcdissolved 
in dilute acid and the iroji c:sti mated voluuietri- 
cadly after reduction, using standard potassium 
permanganate or bichromate solution. 

(20) Estimation of Iron by means of 
Standard Permanganate, -Dissolve the ppt. 
of ALO;, r FcaO.t in 5E HaSO,, and wash into an 
Erlcnmeyer flask, add fair excess of the acid and a 
few small pieces of pure zinc. Fit t he flask w ith a 
cork beari]ig a bunsen valve— /.c., a ])ieee of glass 
tube t o which is attached a piece of rubber tubing 
having a longitudinal slit and closed with a glass 
rod or clip, and place in a slightly warm place until 
reduction is complete. This is ai)proximately 
indicated by the solution becoming colourless, 
when a drop should be withdrawn on the end of 
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a glass rod and tested by means of ammonium 
or potassium sulphocyanide solution, the reduc- 
tion being complete when there is no pink colour- 
ation with that reagent. 

Filter the reduced iron solution rapidly and wash 
into a clean flask ; if necessary, add more sul- 
phuric acid ; and titrate with standard perman- 
ganate [17 a I solution until a permanent pink 
colour is obtained. 

No. of c.c. fa(‘tor per (*ent. 

Fe,(),. 

Subtract from FcAb found (24) AloO.f 

(27) Estimation of Iron by means of 
Standard Bichromate, - Dissolve the ])pt. of 
AloO;! A FcA);j ill as small a (plant ity of oF as 
])Ossiblc, wash into an Frlenmeyer tlask lilted with 
bunsen valve, dilute to about 2(H) c.c., and add 
20 c.c. of 2F Na^SO,}. .Boil for twenty minutes or 
until free from SOo. Fool as (juickly as jiossible 
and test as above ; if reduction is complete, titrate 
with the standard bichromate ( 18a |. On a clean 
spotting tile have ready a number of drops of 
freshly pre])ared, very dilute ]X)tassium ferri- 
cyanide solution, run the bichromate solution, at 
first a fe\^' c.cs. at a time, later drop by drop, into- 
the iron solution ; after every addition abstract a 
drop by means of a glass rod and place in contact 
witli the '' spots ” of ferrievanide. The reaction 
is complete when no blue or green tint is produced 
with the ferricyanide. 
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No. of e.c. X Fe-^Os factor x 200 == per cent. 
Fe,03. 

Epitome. 

I'roat 1 gi’ain for ton hours with 36E -H 2 SO 4 , 
(iry and hako. 

Take up \vitl> Ihreo ])orti()ns lOh] HCh filter, 
u asli. 

Jfohidue SiCL and insoluble. 

Boil residue with 25 c.c. 3E NjioCO.v 

b^ilter, wash, residue insoluble. 

Piltrate, acudify, evaporate ^ 8 i 02 . 

Filtrate finni insoluble AloO..., Fe.^O;., (AiO, 
MgO (7, 8 , 11, Wk 17e, 25). 

(28) Loss on Ignition. -Tguite 0-5 giam of 
the ])ow'dered and dry sample for twenty minutes 
in a muffle. Fool in desieeator and weigh rapidly. 

Loss in weight : 200 - per cent, loss on igni~ 
tion. 

Jf an ultimate analysis only is reephred this 
residue (28) may be treated as (17) and the 
“ rational ” method (19) omitted. 


(29) Total Sulphur.- One gram of the dry 
sample is mixed with 10 grams of a finely pow^dered 
mixture of Na^t'Og (10 parts) and KNCb (1 part) 
and heated to quiet fusion in a covered platinum 
crucible. 

The fused mass is dissolved in water, acidified 
with 10 E HCl, and filtered, if necessary. The 

filtrate is boiled, and to it, whilst still gently 

3 
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boiling, is added 10 c.c. of E BaClj ; after a few 
niiiitites the ppt. is allowed to settle in a warm 
place for some hours, filtered through a “sul- 
phate ” jmper, washed, dried, and .’guitod and 
weighed as BaS 04 . 

Weight of HaSO,, < -EIT x 100 ])cr cent, 
sulphur. 

I'Jpihm.e. 

Fuse with sodium (‘arbonate and polassiiim 
nitrate. 

Take up with hydrochloric acad. liller. wash. 

Ppt. with barium chloride .solution, weigh as 
IhiSO,,. 

(:}0) Sulphur present as Sulphate. -Weigh 
out J gram of llu* sain]»le into an evaporating dish, 
add a little water and 2.^) c.c. of lOE Ht'l. warm 
twenty to thirty minutes, then add 10 c.c. of lOE 
HCl and water. Kilter and w'ash. Ppt. with 
E Bath, and treat as (20). 

Weight of RaSO, \ 100 - per cent. S(\. 

If this is calculated to CaSO, its e(pii valent of 
CaO must be deducted from the amount of lime 
found. 

Thus per cent. SO. x 1-7 - per cent. t'aSO^. 

For each 10 per cent. tWSO., deduct 41 per 
cent, from (ViO. 

The sulphur present as sulphate must be 
deducted from total sulphur found, in order to 
obtain sulphur present as sulphide. 
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(31) Alkalies. — Soda and potash mayconveni- 
ontly be estimated as follows : — 

Mix in an agate moi*tav 1 gram of the dry clay 
with its own weight of pure ammonium chloride 
and b grams of pure precipitated chalk. Place the 
mixtine in a platinum crucible and heat gently 
at first over a bunsen burner and then for one 
hour at a red heat, kee])ijig the crucible covered ; 
cool, transfer the mass, which should not be 
fused, to an evaporaling dish, and wash out the 
crucible with distilled water into tlu^ dish. Dilute 
somewhat, heat to boiling, tiltc]*, and wash into 
a beaker. Add I *5 grams ot solid ammojiium 
carbonate, eva])orate to about 50 (\c., add a little 
more carbonate i arumonia. ; then filter and wash. 
Acidify the liltrate \vith JOE H(1, tlien evaporate 
to dryness in a weighed ])latinum dish, lieat gently 
at first to drive off NH 4(1 and then to a. dull red- 
]iess ; cool in desi(*,(aitor and weigh, 
dlie weight KC] i NaCl. 

In order to obtain an accurate result, it is 
necessary to perform a " blank ” ex])eriment, and 
to deduct result so obtained from above. 

(32) Separation of Soda and Potash.— 

Dissolve the mixed chlorides in about 5 c.c. of 
Avater and add sufficient E Ptt'l, to convert into 
the double chlorides, assuming the whole to be 
NaCl, 117 grams of which recpiire 336-38 grams 
of PtCl 4 . One c.c. of E PtCh solution cojitains 
*0841 gram. The mixture is then taken nearly to 
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dryiiess on the water bath and 15 c.c. of alcohol 
added ; the dish is then allowed to stand for 
three hours with an occasional rotation. 

When the ppt. has well settled, the clear liquid 
is poured off through a filter paper which lias been 
dried and weighed, tJie ])pt. is washed by decanta- 
tion with alcohol and thus transferred to the filter 
paper and again waslied, usijig a small wash bottle 
containing alcohol until filtrate is colourless. The 
paper and K 2 PtC'l<. is then dried in an air or steam 
ovej\ at 100' C'., cooled in a desiccator, and 
weighed. 

Weight - weight of filter paj)e]‘ ^ -3067 ^ 
KCl 

Subtra(*t this from weigh! of mixed chlorides 

Nad 

KCl X •()3204 100 per cent. K.O. 

NaCl X -55077 ^ 100 per cent. Na^O. 

EpiUynic. 

(31) Fuse with ammonium chloride a^id calcium 

carbonate. • 

Digest w ith water, tiltei*, and w ash. 

Add ammojiium carbonate, filter, and wash. 

Evaporate to dryness. 

Ignite, weigh. 

(32) Dissolve in water, ])pt. with PtC'h and 

alcohol, filter. 

Wash u ith alcohol, u eigh on tared paper. 
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(32&) The propoii;iou of potash and soda niay be 
more simply obtained by the following method: — 
Dissolve the mixed and weighed chlorides in a 
little distilled \\ ater. Estimate the total chlorine 

N 

as described under (80), but use AgNO,}|19A l. 


Theji 


W’eiglit i>{ 


l(A-H) > I T>4|-B 

o-o:} 


and 


B I (A B) X 0*91 
?Hi3 


where A weight of mixed chlorides, and B total 
weight of (1 found. 

K s 1-2 ^ JOO - ])er cent. K,(). 

Na A I •34 ^ 100 = „ NaoO. 

Foj* cement-making j)urposes an a(‘.curate deter- 
mination of K 2 O and NagO is not often necessary. 


Shales, Sandstones, and Slates. — The 

methods adoptcnl for the analysis of these materials 
must depend upon circumstances. As a rule, the 
following processes, already fully described, will 
be found suitable : — 

Moisture (3), Joss on ignition (4), followed by 
fusion (17) and estimation of the SiOg (17), 
AlO, Fe^O.. (7), (ViO (8) and MgO (11). 

Natural Cement Rock.— This may generally 
be treated as a limestone, carrying out the following 
estimations : — 
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Loss on ignition (4), silica and insoluble (5 and 
6) or a fusion of the insoluble may be made 
(17), AID, FcoO, (7), CdO (8 and 9), 
magnesia (11), CO., (14 or 15) ii necessary 
or CaC();5 and MgCflj may be obtained by 
calculation ; sulphates (13) and sulphides 
(29). 

(33) Slags* — Weigh out one gram of the Hnely 
powdered sample into a platinum erueible and fuse 
with 3 grams of fusion mixture ; separate the 
KSiO., as in (17). 

(34) The filtrate from the silica ].*< warmed in a 
capacious beaker : a little solid and then 5K 
AnioCO;; solution added until a ppt. just foi’ius. 
Then add a drop or two of 5E Acetic acid and 
excess of 4E Sodium acetate solution. Boil gently 
for ten minutes and filter, whilst still hot, through 
a 15-cm. rapid paper ; wash. 

The filtrate must be clear and colourless, and is 
used for manganese estimation (39). 

(35) Dissolve the pptd. basic acetates of iron 
and alumina in lOE HtL and make up to a 
known volume with cold distilled water. 

Divide this solution into two equal parts, in one 
estimate total Fe-^Oy -i AJ.Os 4- P2O5. 

Use the other portion for the estimation of 
FoAla by means of standard permanganate (26) 
or standard bichromate (27). 
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The FeijOa found must be deducted from the 
total FcgO-i -) AbO;i i 1\()5 in order to obtain per 
cent, of AIsOm + PaO,-., 

The FeJ);j should then be calculated to FeO 
and reported as such. 

Fe>0. X 0-9 FeO. 

(3(>) Ooncculrate the filtrate from (34) if neces- 
sary, alkm to cool, add 3 c.c. of bromine, stir, and 
add carefully 20 c.c. of 20 E NH^OH, boil for 
twenty minut(‘s, filter, wash, ignite, and weigh 
as 

Weiglit 0*93 100 per cent. MnO. 

(37) Boil the filtrate from (36), add sufficient 
ammonium oxalate solution to ppt. lime and filter 
and estimate as in (8) and (8a). 

(38) Evaporate filtrate from (37) to dryness and 
estimate magnesia (11). 

Epitome (33-38). 

Fuse with fusion mixture. 

Estimate Si02 (17). 

Separate iron and alumina, etc., as basic 
acetate (34). 

Estimate iron volumetrically. 

Manganese with bromine water and ammonia ^ 

Lime and magnesia in filtrate. 

(39) Phosphorus and Sulphur.— Fuse 2 
grams at least of the sample with sodium carbonate 



40 


CEMENT CHEMISTS’ HANDBOOK. 


and potassium jiitrate, treat the melt with hot water 
until it disintegrates, boil, filter off the bases, and 
wash well. Allow the liltratc to cool and make up 
to 500 c.c. Divide into two portions (A) and (H). 
Acidify A with HNO.^ and add a large excess of 
ammonium molybdate solution, allow to stand for 
twelve hours, at about 50^ (t ; if the tem])erature 
is allowed to rise, any arsenic present will also be 
pptd. Pour od the clear liquid througlj^ a sul- 
phate ” ])a])er, and test with a litUe more molyb- 
date solution to ascertain whether all ])hos})hate lias 
been p])td. ; it so. tiltiT and w^ash any j)pt. adli(‘riiig 
to' beaker with E HNOs, Then, using a fresh 
beaker to collect the filtrate, dissolv(^ tlie jipt. in 
5E NH 4 OH, rinse out the beaker, and wash t)i(^ 
filter jiaper well. 

Add excess of magnesia mixture, tj'eat as in ( 11 ). 

Weight of Mgd^O; -(ilkS > lOd ])er cent. 


Epitome., 

Fuse with sodium carbonate and ])()tassium 
nitrate. 

Dissolve in w ater, acidify with iiitric acid, p])t. 
with ammonium molybdate, filter, dissolve 
in ammonia, ppt. with magnesia mixture. 
Subtract from ALOg 4 P 2 O 5 and FcgOa (35). 

(40) Sulphur. — Acidify (B) with lOE H(h add 
10 c.c. E BaCb solution, treat as in (29). 

BaStX X 137 X 100 per cent, sulphur. 



4L 


( HAPTER m. 

CALCULATION OF PROPORTION OF 
RAW MATERIALS. 

FrCxM tlie analysis of any given material it is 
possible to estimal-(‘ its nsefnlness for (‘emeiit 
making within (pertain limits. With entirely 
untried matei’ials aetual tests on as large a scale 
as possible should be (‘arri(‘d out. 

Any of the larger English and American text- 
books on cement manufacture contain full infor- 
mation as to the ideal com})osition. 

LIMESTONES. - Unless a calcareous clay 
or shale is to be used, the UaUO.j content must reach 
IT) per cent. A poor limestone may sometimes be 
enriched by using a purer stone to raises the 
percentage of (-alAL. About 2 per cent. MgO 
renders the stone useless for cement making to 
standard specification ; it is desirable that only 
1 per cent, or less be present. 

For use with rotary kilns, a little sulphur as 
sulphide or sulphate is immaterial eithei* in the 
stone or clay. 

CLAY, SHALES, ETC.— The proportion of 
SiOa to AlgOy ! FcsOy should be or 3 to 1. 
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That is, per cent. SiO^ should equal per cent. 
H 0 O 3 < 3, unless working with a siliceous lime- 
stone or a stone of nearly correct ))roportions 
wdiich is only -deficient in one constituent. 

A clay containing nodules of iron ])yrites should 
be avoided, as a source of possible, if not probable, 
trouble. 

Calculation from Formulae*— Several for- 
inuhe exist whereby the propoHions may be 
calculated in which raw materials should be 
juixed, but even the best of these only serv^e 
as a rough guide in actual practice. Prom ex])eri- 
ence the most favourable data to work upon is 
the percentage of ('a(‘()., as this (*an be readily 
checked and altered. The percentage of CaCO.j 
in a raw' mixture never vari(^s greatly from 75 per 
cent. 

Jn order to obtain approximately the (‘orrec^t 
pi’oportions, proceed as follows. For example, 
see A ppendi.v (3a). 

(1) From per cent. (/a(’0.. in limestone deduct 
75 or per ceiit. required in mixture ; the result 
should be the w eight of clay or shale required. 

(2) From 75 or per cent. (’a(t)y required in 
mixture deduct per cent. VaCO, in clay or 
shale ; the result should be weight of limestone 
required. 

Of course, the weights so obtained can be read 
as grams, lbs., cwts., tons, or any unit required. In 
each case, when using raw' damp material, the 
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moisture must be estimated and allowed for, aa 
obviously more will be required than when using 
perfectly dry stone or clay. 

As a result of researches into the composition of 
an ideal Portland cement, various experimenters 
havr put forward formuUe for ])rcparing the raw 
inixtuje when the composition of the materials is 
kiiowjj. Tile following will be found a good working 
formula : 

(1 ) Multiply per cent. Si(h in limestone by 2-8 ; 
multiply ])er cent. AhO.. in limestojie by 11, and 
add the ])roduct.s. 

(2) Deduct result from per cent. PaO in stone — 
])er cent. PaO available for combination with 
clay (//). 

(8) Per cent. Si(h in clay x 2*8 H- AlaOa in 
clay 11, gives (-aO required by 100 parts of 
clay. 

Deduct per cent. (ViO in clay and remainder — 
amount required to be added (x). 

As the available PaO (2) in 100 parts of lime- 
stone is known, by simple proportion, parts of 
limestone to be added can easily be calculated. 
Thus let X — amount of CVrO required for 100 
parts of clay, and y per cent, available in 
limestone ; 


then ^ parts of stone to each 100 parts 

of clay. 

For examples worked out, see Appendix (2a). 
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ANALYSIS OF SLURRY AND OTHER 
RAW MIXTURES. 

SLURRY. -Ill order to obtain an average 
sample of the slurry being washed, the constant 
supervision of the chemist or of a trustworthy 
assistant is absolutely essential. Owing to different 
prevailing conditions, it is impossible to lay down 
any fixed plan of sam])ling. As a rule, samples 
should be taken at i*egular short intervals as the 
slurry leaves the grinding ])lant ; these should, at 
longer intervals, be thoroughly mix(Ml and a 
smaller average sample taken for examination. 

For sam])]ing slurry-mixing tanks or silos various 
devices exist, one of the simplest, perhaps, being 
a tin (am with a ])(n’foratod lid : the can is weighted 
at the bottom and attach(‘d at the lid to a long 
p(j!e or piece of cord. The body of the can is 
fitted to the lid and ludd firmly by a simple 
bayonet (*lip or in the same way that incaiuh'scent 
electric lamps are titt(>d to their holders. 

The vessel is lowered into the tank at difi’ertait 
depths and then slowly raised ; as it is w ithdi aw n 
the semi-liquid rushes in through the jKuioiations 
and a sample is thus obtained. The instrument 
i^omctimes used for tar sampling wall also be 
found efficient. More elaborate apparatus will 
be found figured in many English and American 
works on cement manufacture. A single sample 
taken at one dejhh should never be used for 
analysis, A grain sampler ” will be found 
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very useful for sampling dr}' raw meal or 
cement. 

Samples of slurry that have been allowed to 
stand, even a short time, must be well shaken 
before examination. 

(41) Moisture, — into a dry and tared flat- 
bottnm(‘d porc elain dish weigh out 5 grams of the 
well-mixed sluiTy, place in a liot air oven or on a 
hot ])late at about 1 KF to I2(t^ V. imtil (juite dry^ 
cool in a desiccator and weigh rapidly. 

Loss in weight 20 per cent, moivsture. 

(42) Remove the dried material from the dish 
with a s})atula, powder tinely in an agate mortaiv 
and place' in a stoppered weighing tube. Dried 
sluiTV \ery quickly absorbs moisture, so it is 
better to place the powdered material in the oven 
for a shmt time' before bottling. 


(48) Analysis, “Ignite (to gram in a ])Iatinujn 
crucible in the muffle for fifteen to twenty minutes 
at a good red heat. Voo\ in desic^catoi* and w eigh. 

Loss in w^eight x 200 Joss on igjiition. 

(44) Upon the ignited sample carry out the 
analysis as described under Limestone, SiO^ and 
liisol. (5 and 0) ; InsoJ. (6) ; ALO;. i FXOy (7) ; 
CaO (8) ; and MgO (11) ; (‘0., (J4) or (15) ; sul- 
phur and sulphates (13) ; and (29) if necessary. 
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(45) The excess of the loss on ignitfon over the 
CO 2 estimated or found by calculation from t-aO 
and MgO may be stated as “ organic matter ” 
without any grave inaccuracy. 

For works routiiK^ the following determijiations 
are of great importajice. Moisture (as in 41). 

(4t>) Fineness/^ — Weigli out 100 grams of the 
wet slurry with fair accuracy, w ash it with a gentle 
stream of w ater from the tap into a. ISO- or 200- 
mesh sieve especially kept for the purpose. (t)n- 
tinue the wasliing until the w^ater thal runs through 
is (juitc clear, Tlum wash the residue up together, 
and with a wash bottle^ transfer it to a small 
evaporating dish ; pla(‘e upon the hot plate or in 
an oven, and dry. 

Weigh the residue; calculate the ])ercentage 
upon the dried material thus : 

Weight (jf residue JOO „ 

: — X per ceTit. fineness. 

(100 - per cent, moisture) 

With dry meal sift 100 grams in the usual way, 
and w eigh the residue : 

Weight = per cent, residue. 

It is sometimes useful to estimate the chalk in 
this residue by a rapid method. 

(47) Estimation of CaCOs*— In most works 
in England this constitutes the greater part of 
the daily routine, and as the production of a 
unifoim article largely depends upon the use of a 
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Tegular raw mixture, too much time and atleiitiou 
•cannot well be ])aicl to this important item. 

Owing to the use of calcimeters, the actual 
routine determinations can generally be safely 
carried out by untraiTied assistants who by con- 
tinual ])racti(‘e have become ])roticient in this 
part oi the laboratory work, (hnstant supervision 
mid oer.asional check ” estimations by the chemist 
are necessarv with even the most conscientious 
workers, in order to keep them u]) to the required 
standard of sjieefly accairacv. 

Th(‘re are many good calcimeters on the market, 
all more or h^ss inaccurate : but when once tlie 
error is known, if it be constant, the actual 
accuracy of tlie result is ])racti(adly unimjiortant, 
as the cfiemist in charge should know at what 
figure to work with any given apparatus. Where 
more than one jnacliine is in constant use, they 
should be so regulated as to give stihtJy com- 
paralile results. For tliis ])ur])ose it is better to 
prepare a standard raw mixture by careful and 
accurate weighing of ttie raw materials after 
analysis than to use yiowdered and dry 
calcite. 

(48) Preparation of a Standard Dry Slurry 
or Raw Meal. - fJarefuIly analyse a good sample 
of the ordinary mixture that is known to jiroduce 
the best results in practice. Then dry a small 
-sample of each of the raw materiy^ls, reduce t o the 
necessary fineness, and accurately weigh up and 
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carefully mix in the proportions found by analysis 
of raw materials and slurry. 

A stoppered bottle of this should always be kept 
ready tor use. When a cheek analysis is recpiired^ 
it is only necessary to dry a little of tJie standard 
slurry in the air oven at 105^ 0., and allow it to 
cool in the desiccator. 

(49) ( ^alciinelers may also be standardised, using 

dry ])ure calcite which has been yKnvdered in an 
agate mortar. With calcimeters upon whicli it is 
usual to take -5 gram of slurry, it is convenient to 
take only -‘ITo gram of calcite, w Inch should give a 
result ecjuivalent to 75 per cent. after the 

usual corrections. 

(50) Slatcr^s Calcimetcr. -This is an instru- 
ment which deserves to be more widely known ami 
used than at ])resent. It is fairly simple in (am- 
struction, and can readily be adjusted. It requires 
perhaps ratlier more skilful manipulation than some 
others, owing to the necessary alterations of the 
amounts used at varying temperatures. 

xAs show n in the illustration, it consists mainly of 
two parts, the outer containing vess(d A, and the 
inner b\db and tube H. I'pon the leg of this bulb 
ar(‘ graduations usually running by 0-5 from 70 to 
80, w liich are read direct as percentages of 
as described later. 

Above the bvdb is a zero mark to indicate the 
correct amount paraffin with which the instru- 
ment has to be filled before use. In the bulb a 
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prepare a standard raw mixture by careful and 
accurate weighing of ttie raw materials after 
analysis than to use yiowdered and dry 
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-sample of each of the raw materiy^ls, reduce t o the 
necessary fineness, and accurately weigh up and 
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The iiistriinient as sent out generally requires 
standardisation (see below). It is used as follows : 

(1) Take the reading of the barometer in milli- 
metres, and find the neai-est eorres])onding mark 
oji the float . 

(2) Take the temperature of the oil in degrees C. 

(3) From a table ascertain the (jorreet weight of 
mate^rial to use in milligi-anis, and weigli tins out 
aecurately. 

(4-) Transfer the weighed slurry to the generat(mi 
bottle (i)), wliich must b(' ({uite dry. 

(5) Run from a burette 5 e.e. of dilute commercial 
H(d (1:1) into the test tube, attached to the 
generator bottle stopper, by jneans of the hole in 
the side. 

(()) Fit the leading tube from ealciim'lei to the 
bottle, and slip the small piece of rubber over the 
outlet hole. 

(7) Tip the acid on to the slurry and shake well 
to disengage iXh, 1lie float will then sink in the 
paralhn, and the mark on the stem which is foujid 
to correspond with the correct, barometer reading 
on the float should be the percentage of Vi\Vi\ 
in the slurry or material taken. 

By making use of tables similar to those in the 
Appendix materials higlier in CaCOs than 80 per 
cent, may be estimated ( 28 a). 

The following precautions should be observed 
in using this apparatus : 

(1) Avoid holding the generator iji the hand 
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longer than is absolutely necessary, and hold the 
neck and stopper of tla^ bottle. 

(2) See that the rubber is over the outlet hole 
before spilling the acid, and that it is removed 
before disconneclijig generator. 

(‘1) Spill the acid carefully so that none be 
forced up the heading tube. 

I'se parathn iliat has b(^en plac.ed over fii.scd 
calcium chloride, and has such a specific gravity 
that the hydroimder sinks to the red mark on its 
stem. Tse acid of the corrt^^t strength. 

Standardisation of Slater^s Calcimeter. 
— Follo\> the ap[)ended instructions for using the 
calciinetei*, l)ut take a. known weight, say 1 gram, 
of a carefully pre])ared standard slurry (48), and 
Jiote the reading which should show 75 per cent. 
Cat^Ch, or as the (aise may be. If the reading is 
too higli, as it probably will be, calculate the 
reduction in the weight nec^cssary to attain a- 
correct readijig, and repeat the operation until 
a correct result is obtained. This should be done 
through a good range of temperature, so that a 
complete table may be drawn up by inter])olation. 
Once having been correidly standardised, any 
i^light adjustment found necessary may be made 
by adding or removing a little oil. 

This instrument, and a specially prepared set 
of weights for use therewith, may be obtained 
from Messrs. Baird & Tatlock (London), Ltd. 

The 8chleibler, Faija, and other cajcimeters are 
fio well known and have been so frequently 
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described and illustrated as not fco warrant descrip- 
tion here. A modification of Schicibler’s instru- 
ment introduced by Mr. H. K. (C Bamber, F.C.S., 
and much used ii\ the A,P.(LM. Works, will be 
briefly described and illustrated (Ei^. 4). 

(51) Bamber^s Calcimeter.-Weigh out ac- 
curately ()'5 gram of the dried and finely ])u]verised 
slurry and transfer to generator bottle (14). Run 
into the gutta-percha tube 8 c.c. of liydrochlorie 
acid (sp. gr. 1-125) and place (*arefully in bottle. 
Fill measuring tubes with water from Woulff's 
bottle (h), or reservoir, until water stands at zero 
mark on the graduated tube. 

Fix stop})er to generator Ixdt-le and immerses 
to the neck in the running v\ater which fills 
the lead-lined wooden vat, until it is at the 
same tem])erature as the water in the tubes 2 
and 2. This is so when, upon opening cli)) (18), 
the water in the tubes remains at the same 
level. 

Take the generator bottle in the right hand and 
cautiously spill the a(ud in the tube upon the 
slurry. At the same time with the left hand 
release clip (7), shake the bottle vigorously for 
about half a minute, and replace under water in 
the nest. During the evolution of the gas care 
must be taken to keep the level of the water in 
the j)lain tube (8) about an inch above that in 
the measuring tube (2). Allow to cool for about 
three minutes, adjust levels of water, and take 
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absorj)tioii of (JO 2 by acid. This may be obtained 
by performing a check estimation, using Iceland 
spar or standard slurry. The figure usually taken 
for this instrument lies between 3*5 and 4-2 c.c. 
By means of table (30a)— /Vc.s’.vv/yv of aqueous 
vapour in A ppendix— uoia deduction to be made 
from observed barometric pressiu*c‘ at existing 
tem})erature. Refer to table (31a), and inider the 
ascertained tem})erature (ind tlu^ corrected calci- 
meter inadiiig (or nearest) : in a lim^ with this, 
diMioted by heavy type, will be found the reading 
at (C (’. The figure so obtained is now traced on 
table (32a) under the correct barometric ])ressure, 
and in a horizontal line will be h)und in heavy 
ty])e the ptaventage of af. 0‘ (\ and 700 mnu 

pressure. 

IW means of fable (29 a) having performed a 
“ loss on ignition,'’ the calculated CaCOy (54) may 
be obtained. 

(52) Estimation of CaCO^ by means of 
Standard Acid and Alkali,- -The follow ing is 
an e])itome of a method described b} R. K. Meade. 
{Portland Cement, p. 231) : 

Prepare I N H(d and N NaOH, and stand- 
ardise against a standard sample of slurry. The 
method of standardisation and working is as 
follow s : 

Weigh 1 gram of sample into a 600 c.c. Erlen- 
meyer Bask and run in 50 c.c. of the standard acid. 
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Close the flask with a cork bearing a piece of glass 
tube 30 in. long and I in. diameter, which acts as 
an aij* condenser. Heat the flask until steam just 
begins to issue from the u])per end of tube. This 
slionld take about two minutes. Remove from 
heat and rinse tl\e tube down carefully with water, 
remove cork and wash down sides of flask. Add 
a drop or two of 1 in 1,000 ])henolpht]ialein or 
methyl orange* and titrate with standard alkali 
until just neutral. 

If the standard sani])l(* (‘ontains L per cent, of 
(^aC(h and d e.i\ of alkali are required, then to find 
])ereentage of Ca(^().j in other sanrples it is only 
necessary to subtract the number of c.c. of alkali 
requirenl in their (‘ase from d, multiply by two, and 
add to 7^; if number of c.c. is greater than d^ 
subtra(‘t d from tJiat number, multiply by two, and 
subtract from L. Each c.c. of exactly 1 N alkali 
is equiv alent to -02 gram or 2 })er cent. Ca(.'0;{ ; so 
that, after standardisation, a table may be pre- 
]iared showing peicentages of CaCO;, corresponding 
to diU’eixmt quajitities of alkali. It is necessary to 
prepare samples to same state of fineness for each 
deter juination, 

(53) Loss on Ignition, Calculated CaCO^ 
and CaO in Slurry. — When using materials 
containing organic matter, such as peat, etc., it will 
be found very useful to ascertain the CatX\ in the 
meal after allowing for the organic matter present, 
and this may be done as follows : — Find the loss 
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upon ignition of 0*5 gram dry slurry or meal as 
in (43). 

Jjoss in weight ^ 200 - per cent. CO^ , HA) 
and organic matter (A). 


(n4) Calculated CaCOs. - Calculate tlie 
(Ja(T)o, found upon calcimeter, into (H), by 
dividing thus, 

0-44 per ceiit. i\l (B). 


13ien, 


Loss upon ignition (A) - C(b (B) organic 
matter (C). 

And iOO organic matter (C) ])arts of 
ihaterial in which the CaCOj exists after removing 
the organic mattcu' by ignition (J)). 

Thus, 


per cent. (^atA)^ found ^ 1 00 

It 


calculated (A\(X.);j. 


Tlie actual calculations only take a feu seconds 
if the tables in Appendix be used. 


(55) The residue obtained aftei* ignition should 
be reserved and the ('aO present determined by 
the rapid method as described in Chapter V. (132) ; 
after allowing for the loss upon ignition the CaO 
found should be approximately the same as the 
clinker made from this slurry will contain. Owing 
to various circumstances, this is not always quite 
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the case in practice, but tliis serves as an excellent 
check upon tlie calci meter or other determinations. 
The calculation is as follows : 


Per cent, lime in residue 
(100 loss) 


1(H) 


calculated OaO. 


(rU)) Control and Alteration of the Raw 
Mixture. -( >vn ing to the various systems in vogue 
on ditferent works, it is impossible to lay down any 
hard and fast rules for the control and regulation 
of the slurry or raw meal. The growth of the 
cement indust ly in this and other countries has 
brought about the successful use of raw’ materials 
ditfering so widely in composition as to require 
in some cases plant and methods of working of 
quite a distiiuT and special character. Before 
finally deciding upon a tmdhod of working, the 
<*hemist in charge should assure himself that the 
routine ])roposed fullils the following require- 
ments : 

(1) iiiat there is a regular su])])ly of raw material 
sufficient to keep the i^iills and kilns going con- 
tinuously. 

(2) liiat the unit loads of materials are of 
constant weight or bulk. 

(3) That it is possible to readily obtain a sample 
of either raw material being used at any moment 
for chex‘-k ajialysis. 

(4) That accurate returns of the quantity of 
material used be sent to the laboratory at stated 
periods, in order that any deviation from the 
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working instructions may be at once noted. It 
is absolutely essential that a responsible person 
be in charge of eacli mill and be made answerable 
for any irregularity of working either in the 
feeding or output. 

The importance^ of being able to obtain an 
average sample of the slurry or raw meal for 
routine analysis has already been mentioned. In 
order tliat this v\()rk be not interfered with, the 
samples should be fetched by a laboratory assistmit, 
marked for reference, and immediately examim^d. 
All results should be carefully entered u]) for future 
reference. 

Before making an alteration in the raw su})ply at 
any mill, the cause of the erratic behaviour should, 
as far as possible, be ascertaiiied and jioted ; tluai 
the desii'ability of making a tem])orarv or j>er- 
manent alteration will at once be known and 
acted upon. Time should be given for the alter- 
ation to have etl’ect before again che(‘king the 
output. It is unwise to irritate the mill hands by 
useh^ss and vexatious alterations and orders. 

In ANorking u])on the dry system it is best to 
keep a silo full of limestone* or (*lay, and work so 
as always to require adjustment in one direction. 
For this purpose, either wet or dry process, it' is 
well to have three tanks or silos for the raw meal : 
one to run the make into, one that may be tested 
and con*ected, and one containing material of the 
correct composition. It should be impossible for 
the kiha attendants to use any material but that 
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passed for use by the chemist in charge ; even then 
the meal, as fed into the kilns, should be regularly 
sampled, checked, and the results entered in the 
laboratory records. In a word, too much care 
cannot well be given to this branch of the lab^ 
oratoiv work. 



GO 


( H AFTER IV. 

ANALYSIS OF FUEL, LUBRICANTS, 
WATER, AND KILN GASES* 

TiiK fuel used cliiedy on a ceiueut works is eoal or 
coke. Brief deseriplioiis only are given of tlie 
eliief iiiet l)ods of analysis ; for fuller deseription, 
es])eeially of the ealorifie value delenniiiatioiu the 
inexperienced reader is recommended to consult 
larger Avorks. 

(57) COAL. — In order to obtain an average 
sample of the fuel, it is best to have a part of the 
freight set apart as it is being unloaded, say one 
barrow or grab full in ten, then have this well 
mixed and reduced to a convenient bulk by the 
method of quartering. When sampling a large 
cargo it Avill be found advisable to obtain several 
samples and carry out check assays. 

Wheji not too large, the whole of the sample 
brought to the laboratory should be coarsely 
powdered and quartered, and the portion selected 
for analysis all ground to pass at least the 9()-in. 
luesli sieve juust be reserved in a well -stoppered 
bottle or jar. 
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(58) Moisture. ~^lt is well to estimate the 
moisture as soon after receiviiig the sample as 
possible. 

Weigh into a weighed platinum capsule 0-5 or 
1 gram of the powdered coal and beat in an air 
oven at 105" for not more than one hour, f^ool 
in a desiccator and weigh rapidly, as dry coal is 
very iiygrosco})ic. 

Loss in vN'eight 200 (or 100) per cent, 
moisture at 105'. 


Epilo)ni\ 

0-5 gram in oven at 105" V, for one Imur. 

^ (50) Ash, — (lently ignite the dried coal over a 
bunsen burner or in the muffle, lirst at a low 
temperature, until all the carbonaceous matter 
has burnt off. The colour of the ash sometimes 
indicates its nature. 

Lool in a desiccator and weigh. 

Total weight weight of ca])sule >; 200 =- ])er 
cent. ash. 

E piiome. 

0-5 gram ignited in muffle. 

((30) Volatile Matter.— One gram of the 
sample is placed in a large weighed platinum cru- 
cible having a well-fitting cover. Heat the crucible 
with lid on for two minutes over a bunsen burner, 
or until no more inflammable vapours are emitted, 
and then for a further period of throe minutes 
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over a blast burjier. Allow to cool in a desiccator, 
and weigh. 

Loss in weight x 100 - volatile matter -f 
moisturc per cent. 

One gram heated in closed crucible for two 
minutes over bnnsen, ! three mimites over 
blast bnnier. 

In order to obtain concordant and comparable 
results, it is necessary always to perform this 
operation in exactly the same manner. 

llie per cent, moisture (56) subtracted from 
volatile matter i moisture will give the volatile 
matter. 

(61) Fixed carbon/^ or better, fixed carbon- 
aceous 1 ‘esidue. ^Fliis is obtained by differonee. 

100 per cent, (moisture -- volatile matter 
ash) '' fixed carbon.” 

(62) Coke. —This is not, as a rule, of great 
importance. The residue left after the determina- 
tion of the volatile matter is, roughly speaking, 
coke. It should be tested to see whether it is 
friable or compact. 

Voke ]nay be more accurate^ determined by 
placing 1 gram iji a covered porcelain crucible 
placed in a large Battersea round crucible and 
surrounded and packed well in and covered with 
powdered charcoal. 

The lid of the large pot is luted on with clay, and 
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the whole dried and heated in a wind or gas furnace 
until it is thoroughly hot. 

After being allowed to cool, the porcelain crucible 
and lid arc carefully removed, and the coke brushed 
•out on to a waU h glass and weighed. 

W(Mght of coke 100 ])er cent. coke. 

Epitoviv, 

One gram heated in covered crucible in 
furnace. 

(0:1) Sulphur.- Mix J or 2 grams of the finely- 
powdered coal with twice its weight of a mixture 
consisting of 1 part dry KoUO., and 2 parts MgO 
in a capacious platinum cnuuble and covcu* with 
a little more of the fusioji mixture. Place the 
crucible in a hole in a sheet of asbestos board and 
heat over a blast burner for half an hoin*. or use 
an oil or spirit, blast lam]) in order to avoid (*on- 
tajuinatioji with sulphur from the coal gas. Allow' 
to cool, dissolve aiid acidulate with E HC'I, evap- 
orate to dryness, take up w ith 10 cx. of lOE HUl 
.and a little water, (liter off SiO. : dilute filtrate 
somewhat, and estimate 8 as BaS04 (E^)- If a gas 
muffle is employed a blank analysis should be carried 
out, and the result of analysis corrected accoi dinglv. 

Epitome, 

Fuse 1 or 2 grams with K2CO3 and MgO 
mixture. 

Dissolve in hydrochloric acid, remove SiOg. 

Ppt. with barium chloride solution (i:3). 



(14 


("EMENT (CHEMISTS' HANJ)B(K)K. 


(M) Analysis of Ash. — Jguile 10 grams or 
more of the fuel in a platinum capsule until free 
from carbonaceous material. Use of this 1 gram 
or more, and determine SiO^, Aldh, fe-X):,, UaO,^ 
and MgO after fusion, as in (17) : and, if necessary^ 
u])(m other portions SO., (BO) and PJ)^ (B9). 

If an ultimate analysis of the coal is recpiired^ 
it will be necessary to lit up a combustion appar- 
atus. in addition to tlie absorption apparatus, as 
described and illustrated in (14), a furnace, com- 
bustion tube and cylinder of oxygen will be 
re(|uired. The (‘ombustion tube is pre|)ared as 
for use in organic* analysis with copper oxide, the 
coal being burnt in a porcelain boat. 

41ie nitrogen n»ay be estimated by a moditied 
Kjeldalh method. As an ultimate analysis is 
rarely required for (commercial pur])os('s, a fullcT 
descri])tion is noi necessary here. 

(Or)) ANALYSIS OF COKE.- Tlu^ methods 
described unden* Uoal may be used for the determi- 
nation of UKusture ( 08 ), ash (59), volatile matter 
and tixed carbon (60) and (61), and sulphur (63). 

(61)) CALORIFIC POWER OF FUEL.^For 

this determination a calorimeter is required. One 
of the simplest is Lew is Thompson’s ; but one 
of the improved forms of this instrument using 
oxygen gas and having electric ignition is more 
accurate and satisfactory. 

In the ordinary form a known weight (2 grams) 
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of the fuel is mixed with suilicieiit finely-powdered 
ignition mixtun^ (K(1()^ ‘1 parts, KNO.j 1 ])art), 
placed in tlie ('op]>er eyliiuter and ignited, when 
all is ready, hy ineans of a fuse. 

Th(' cylinder and attachment are immediately 
plunged into c.c. of water at a known 

tern p(*r<it lire (‘onliiined in the special vessel. After 
condmstion the iiua’ease of temperature^ is noted. 
For details cemsult Beringer, rhilli])s, or the in- 
structions given with the instrument. 

In the im])roved forms the coal is made into a 
])ellc‘1 and ignited whilst under tlie water by means 
of an (‘lectric current. 

Idle improved form of Roland Wild calorimeter 
v'ith electric, ignition will be found a very satis- 
factory instrument for use in a cement works 
laboratory. 

],0d0 grains of water, less the watcu* (Ujuivalent 
of the apparatus which is stated for eacti instru- 
ment, are pla(*ed in the water vessel and the tem- 
perature carefully noted. ()*7‘5 gram o\ the 
])(nvdered and dried fuel is mixed with from 
12 to 14-5 grams of sodium peroxide, and placed 
in the special crucible ])rovided. The crucible is 
screwed to the ca]), great care beijig taken that 
the rubber washer is in good condition, ])iakijig a 
sound water-tight joint. This point is very 
important, as otherwise a ciisastrous explosion, 
due to the peroxide coming into contact with 
water, will result. 

The thermometer is then fixed on the cover, and 
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the directions given with each a})j)aratus closely 
follovTd. 

The ddlercTKie between the temperature of 
water before test and the highest degrc^e noted due 
to combustion of the fuel multiplied by J,0()0 
the (;;ilori(ic power in British thermal units per 
lb. of fu(h 

After the determination the aj^paratus must 
be carefully cleaned, Avaslu'd. and dri(Ml. 

If the nssult is required in “ gram-caloilesA 
a Centigrade thermometer is used or lh(' 
B.Th.U. 252. 

Whatever instrument is used, the result may be 
<^x])ressed iji calories or British tlHUMuaJ units. 

The "‘gram-calorie’' is tlie amount of heat 
required to raise ] gram of \va1ei‘ through I" (1 
The large or "kilogram-calorie'* is the amount 
of h(^at re({uii‘ed to raise 1 kilogram of water 
through r' 

The British thermal unit is stated in lbs. of 
water raised through E’ F. by 1 lb. of fuel. 

The evaporative power is the amount of water 
which 1 lb. of fuel wall eva])orate at boiling point 
under normal conditions. 

Gram-calories >. 0*00397 - B.Th.U. 

Determination of Heating Power of Coal 
and Coke.-— A simple, but ojily approximate, 
method for determijiing the heating powder of coal 
or coke may be carried out as follow^s : — ^Mix 1 gram 
of the finely-pow^dered dry coal with 30 grams of 
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litharge in a No. 3 Hessian crucible, cover the 
mixture with a further 20 grams of litharge, and 
heat crucible and contents in a gas or wind furnace 
for fifteen minutes. 

Jlemove from furnace, and when cold remove 
button of lead, (‘lean and weigh. 

OiK^ ])art by weight of carbon reduces M ])aT*ts 
by w(*iglit of lead. One kilo of carbon when 
compkA-ely burnt is equivalent to 8,140 cahuies. 


1 ])art of lead 


8,140 

:i4 


, or 239, calories. 


8,140 

34 " 


wx‘ight of leaxl reduced --- calories per kilo. 


For us(' in rotary kilns the character of the coal 
when burning is of greater importance than the 
actual calorilic power. 


(07) Fineness. — This is determined in the same 
way as with cement, the 100-mesh sieve being 
used. To obtaij) good results in a rotary kiln the 
residue should not exceed 5 ])er cent., the coal 
should be (|uite dry cind low in ash, and easily 
combustible. 

The methods given above can be used for any 
class of coal, but it is desirable to use a rather 
higher temperature or heat for a longer period to 
estimate the volatile matter in anthracite or 
steam coal. 


OILS AND LUBRICANTS. — The chief 
methods of examination only can be mentioned. 
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If much iin])ortaiit work has to be done the 
chemist is recommended to cojisult Archbutt and 
Deeley's or other large woT*k. 

Lubricants may be very roughly divided into 
thre(^ classes - solid, semi-solid, and liquid. Only 
grease, fats, or oils will be here (h^alt with, but it 
may be mentioned that graphite, mineral, and 
compound lubricants sliould be free from grit, 
acid, or alkaline bodies c)r substances likely to- 
decom})ose and ])rodu(a^ acids, etc. 

Before re])orting on a lubricant it is nec'cssary 
to know for what purpose it is intended to be 
used. The following tests may be considered 
essential : 

(b(S) Loss or Gain in Weight on Exposure, 

- -Into a- w eighed watch-glass j)lace 1 gram of the 
oil, and exy)ose in an air or water bath at 100'' (’. 
for twelve hours. Allow to cool in a desiccator 
and w eigh. 

JjOss (or gain) in weight >. KKI percentage 
loss (or gain). 

tJood mineral oils rarely lose moic than 1 per 
cent. : some vegetable oils iiuu’ease in weight 
owing to oxidation. The residue should not 
exhibit any stick}' or gummy ])ro])erties. 

The residue may be ignited for '' Ash,” w hich 
should not exceed traces only. 

Epifome. 

i gram at 100° for twelve hours. 
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(07) Fineness. — This is determined in the same 
way as with cement, the 100-mesh sieve being 
used. To obtaij) good results in a rotary kiln the 
residue should not exceed 5 ])er cent., the coal 
should be (|uite dry cind low in ash, and easily 
combustible. 

The methods given above can be used for any 
class of coal, but it is desirable to use a rather 
higher temperature or heat for a longer period to 
estimate the volatile matter in anthracite or 
steam coal. 


OILS AND LUBRICANTS. — The chief 
methods of examination only can be mentioned. 
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Avork the apparent sp. gr. at T should be corrected, 
as fol]oA\^s : — 

^ (*. Density of water at T'' (A 

P- rjio Density of w aler at 15-5° ( ■/ 

In order to avoid these calculations, the s]). gr. 
should be determined at 15*0" ('. Avhenever 

])ossible. 

For very auscous oils it will l)e found convenient 
to use the form of bottle that is used for testing 
syrujis, etc. 

(TO) Viscosity. —This is best deter mined in a 
standardised Redwood viscosimeter. The viscosity 
of an oil A^aries with the temperatiu'c at A\hich it is 
determined. The Auscosity should be determined 
at A^arious tmuperatures acct)rding to the* purpose 
fo!’ which it is reajuired. In order to obtain the 
Auscosity of an oil, it is heated in an air bath to 
the I'cejuircHl teinperature, and poured into the 
apparatus u]) to the point of the gallg(^ The outer 
vessnl, which fuay be iilled with water, oik or any 
other (‘onvenient licpiid, is then a\ armed until both 
it and the oil to be tested are at tlie required 
teni] era! lire. A plug is then removed and exactly 
50 c.c. of oil alloAved to run out, and the time taken 
in secomis noted by means of a stop w atch. For 
com])ai*alive results consult tables published by 
Redw ood and others. 

In order to obtain comparable and reliidile 
results, several tests should be carried out under 
exactly similar conditions. 
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lij the absence of a standardised viscosimeter, 
com]jarative tests may Ih^ (uirried out by using a 
pipette or burette and noting the number of 
seconds that' a known volume of tlie oil takes to 
run out. 

\”iseosi meters are generally standardised with 
pui(‘ !ap(‘ (a! or distilled water. 

In order \ k ) obtain eom])arable results, ex])eri- 
ments must b(‘ carried out under exaetly similar 
conditions, great attentiori being paid to tlie 
tem])eratin‘e both of the oil and the surrounding 
at mosphere. 

( 71 ) Flash Point. This may be readily ascer- 
tained with Ab(d\s Hash ])oint apparatus. With a 
little ])ra(hice the i)rineiples of the determination 
can soon be mastered. Lull instructions are 
generally sold with th(‘ a])paratus, or can be 
found in the Petroleum Acts or any work on oil 
analysis. For oils flashing above 100’ U. tlie air 
bath is heated by means of a small bunsen burner 
or spirit lamp. I1i(‘ Hash point of an oil should 
be higher than the temperature that will be 
obtained during work. 

(7L/) The ''open cuyi” Hash ]K)int of an oil may 
be ascertained by the following method : - 

Place a suitable nickel or ])orcclain crucible in 
a hole in a sheet of asbestos board supported on 
a tripod stand. Suspend a thermometer over 
th(' crucible so that the mercury bidb is about 
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half an inch from the bottom, but is well im- 
nierserl in the oil, which slioiikl nearly till the 
i'-rucible. 

Keat the crucible by means of a small bunsen 
flame so that tlu^ temperature rises gradually and 
evenly. 

A small flam(% obtained by attaching an ordinary 
mouth blow])ipe by means of rubber tubing to 
another gas supply, is then passed across the sur- 
fac(^ of the oil at r(‘gulai interv^als initil the va])oiirs 
art‘ seen to hasli.’' The lowest temperature at 
which this occurs is the Hash point. The tmn- 
])eratui'e at uhich the va])our Hashes and coiitiim(‘s 
to burn is known as lh(' tire point. 

( 12 ) Free Mineral Acids.--*Shake u]) od grams 
of the oil with suHiciejit distilled water i?i a sto])- 
pered flask or bottle, and allow' to stand for some 
time ; then separate the oil by means of a separ- 
ating funnel. To th() acpieons exti*act add a drop 
of methyl orange solution ; a pink colouration 
will indicate the presejice of free minei’al acid. 
Jf sufficient hi amount, titrate back to the neutral 
N N 

tint with or NaOH. The nature of the acid 

must be determined by a qualitative analysis of the 
extract. H 2 SO 4 is the acid most frequently found. 

Should the methyl orange remain neutral or 
indicate the presence of free alkali, repeat the 
test, using phenolphthalehi, and titrate back w ith 
standard acid. 
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KpiiO))tC, 

Affitate 50 iri'ams of oil with distilled water. 

o o 

Separate, add nietliyl orange, and titrate with 


N 

10 


or 


N 

jOO 


NaOH. 


(7:L Free Fatty Acid.— Weigh out 10 grams 
of tli(‘ oil intt) a flask, and adfl 50 c.e. industrial 
inethylat(‘d sj)irit retulered just slightly pink l)y 
the addition of a dro]) or two of phcMiolphthak'in 
and one drop of K NaOH. Shake up together 
well. If free fatty aeid be present the solution 
will l)e(‘ome colourless. H(‘at on a steam bath 
under a rc^tlux or air condenser for half an l)oin', 

allow to cool, and titrate with standard NaOH 

initil a permanent pink colouration is obtained. 
0aleulaU‘ the '‘acid number'’ as milligrams of 
potassium hydroxide neutralisoMl by 1 gram of 
oil, thus : 

N 

0'5() /; No. of c.e. alkali used aeid number. 

A blank experiment should be carried out in 
order to check result. 


Epilome. 

Warm 10 grams? of oil with alcohol and 
phenol phthalein solution. 

Titrate with standard alkali. 

m Saponification Number. — Weigh 2 

grams of the oil iiito a clean, dry conical flask, 
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add 25 c.c. or excess of scTiii-iionnal alcoholic 
])otash solution, conuect with a reflux air con- 
denser, AAhich consists simply of a straight 
glass tube about 50 inches long, and heat oii 
the water bath tor one hour, (x^casioiially 
rotating the hask. Allow' to cool and titrate 
with seiui-jiorinal acid, using phenol])hthalein as 
indicator. 

Run a blank experiment under exactly similar 
conditions to ascertain the number of c.c. of 
alkali jieiitraliscd by the oil. (alculat(' the 
saponification number as milligrams of ])otassium 
hydroxide to I gram of oik 

Acid used by blank - acid used in experi- 
uuMit 14 saj)onili(aition number. 

(74/>) Unsaponifiable Matter. -Separ.d ion 
of fatty and mineral oils. Saponify 5 grams of 
the oil as in (74), using an excess of alcoholic 
caustic jjotash (50 c.c.), Jlevei*se or remove the 
condenser and distil oil the alcohol as com])letciy 
as ])ossible. J)issolve the soap in about 50 c.c. 
of hot distilled water, transfer to a separathig 
funnel, (;ool, and shake u]) Avith two sepai'at(‘ 
portions of benzene or pedrok allow' the tv \'0 licpiids 
to se])arale, and i*im off the lower soap solution. 
Shake up the oily solution wu'th distilled watei* 
once ov twice and se])arate. Finally run off the 
solvent into a weighed flask or dish, evaporate 
off the solvent and weigh the residue, which will 
include unsaponifiable matter and the mineral 
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oils in case of a mixture. ( aleulate percentage 
found. 

Weight ' 20 iinsayKmifiable fiiatter. 
fjpilomc. 

Saponify o grams, evaporate olT alcohol. 

])issol\(‘ soa]) with water, residue with ben- 
zene'. 

Separate and weigh residue. 

(7h‘) Iodine Number.- This is only carried 
out on vegetabh^ and animal oils to ascertain 
pres('n(*o of adiilteraids. Briefly, the process 
consists in treating a known (pianthv (about 
•25 gram) of the oil dissolved in 10 c.c. of chloro- 
form, or caihon tetrachloride, with a nuuisurcd 
quantity of standard iodine solution (Hu))l, Hanus, 
or Wijs). 'Ihe exc.ess of iodine is then titrated 
with standard thiosulphate' solution, using starch 
as indicator. A blank experiment must be carried 
out at the same time. Kor works' ])urposes this 
estimatiem is seldom required. 

(74e/) laibric'ating oils may also be tested for 
rosin and j-osin oil, which will be also included in 
the sa[)onifiable matter. Heat about 20 grams 
of the oil with 50 c.c. of alcohol (free from rosin) 
on the steam bath fe)r a quarter of an hour. 
Decant tlie alcohol, evaporate to dryness, and 
add 5 c.(?. of acetic anhydride, wvarni, cool, and 
add one drop of 18H HaSth. Rosin or rosin oi^s 
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give a fugitive violet colour. Cheap petroleimi 
jellies and semi-solid lubricants should especially 
be tested for rosin. 

(74() Sulphur in light oils may be tested for, 
as folhnvs : Add a small piece of bright metalli(t 
sodium to about 100 c.e. of the oil in a flask, and 
boil cautiously inider a reflux condenser for one 
hour. (V)ol, add water, dro]) by drop, until tht* 
sodium is dissolved, separate the aqueous li(juid, 
and add a drop of freshly made sodium nitro- 
prusside solid ioji. A violet (*olouralion indicates 
presence of sulphur. 

WATER ANALYSIS. -The examination of 
a water on a works is usually undertakim to ascer- 
tain the suitability for use in boilers, etc., ratiier 
than to judge of its fitness for drinking and 
domestic ])urposes. As a matter of fact, a A\oj’ks 
laboratory is rarely suitably equipped or eir- 
cumstanced to permit of such an analysis being 
conducted with any hope of obtaining reliable 
results. The processes necessary to judg(‘ of the 
suitability of water for drinking pur]>oses are, 
therefore, only very briefly described. 

(75) Collection of Samples.— Clear glass Win- 
chester quart bottles are very suitable for collecting 
and storing water samples. Before being filled with 
the water to be tested, they should be thoroughly 
^vashed until free from all traces of acid, ammonia, 
etc., chat they may have contained. Bottles which 
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oils in case of a mixture. ( aleulate percentage 
found. 

Weight ' 20 iinsayKmifiable fiiatter. 
fjpilomc. 

Saponify o grams, evaporate olT alcohol. 

])issol\(‘ soa]) with water, residue with ben- 
zene'. 

Separate and weigh residue. 

(7h‘) Iodine Number.- This is only carried 
out on vegetabh^ and animal oils to ascertain 
pres('n(*o of adiilteraids. Briefly, the process 
consists in treating a known (pianthv (about 
•25 gram) of the oil dissolved in 10 c.c. of chloro- 
form, or caihon tetrachloride, with a nuuisurcd 
quantity of standard iodine solution (Hu))l, Hanus, 
or Wijs). 'Ihe exc.ess of iodine is then titrated 
with standard thiosulphate' solution, using starch 
as indicator. A blank experiment must be carried 
out at the same time. Kor works' ])urposes this 
estimatiem is seldom required. 

(74e/) laibric'ating oils may also be tested for 
rosin and j-osin oil, which will be also included in 
the sa[)onifiable matter. Heat about 20 grams 
of the oil with 50 c.c. of alcohol (free from rosin) 
on the steam bath fe)r a quarter of an hour. 
Decant tlie alcohol, evaporate to dryness, and 
add 5 c.(?. of acetic anhydride, wvarni, cool, and 
add one drop of 18H HaSth. Rosin or rosin oi^s 
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The sediment should be well searched for the 
lower forms of diatomacejc and alga*, some of 
which cause a water to smell as if contaminated 
with dead fish. 

Any great amount of suspended matter inay be 
estimated by filtration of one or two litres of the 
water through a tared filter. The filter and con- 
tents are dried at 100" 0. and weighed. 

Increase in weight suspended matter ])er litre. 

The inorganic matter in suspension may be 
estimated by igniting the filter and contenis in a 
crucible; rccarbonate by adding a dro]) of am- 
monium carbonate, and ignite again at a low 
temjierature and weigh. 

Weight - ash of filter insoluble mineral 
matter per litre. 


EjilUmie. 

Filter J ,000 c.c. through taxed paper and 
w’^eigh. 


Before proceeding with the chemical anal 3 \sis it 
is well to ascertain whether to report as grains per 
gallon or parts per 100,000. Most engineers will 
probably prefer results in grains per gallon. It is 
really unimportant, if the report is to be used by 
intelligent men, as it is only necessary to multiply 
grains per gallon by ten and divide by seven or 
vice versf'l with parts per 100,000 to convert one 
into the other. 
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(78) Total Solids. Evaporate 250 c.c. of the 
water to dryness in a elean dry platinum or 
j}oreelain weiglied evaporating basin, at lirst over 
an argand or bnnsen burner, and llnahy on the 
water bath. Allow to eool in a good d(\sie(aitor 
and weigh i-apitlly, as the solids are often ^’ery 
hygros(;opi(*. 

Wei;[:lit v(Mghtofdish 400 parts per 100,000. 
h' pi If )nir. 

I0va])orate 250 e.e. to dj’yjiess and v(‘igh. 

(7i0 A (lualitalive (‘xaminatioii may be made of 
the solids ; if a tpiantitalive analysis is retpiired it 
v'ill l)(^ necessary to evaporate 1,000 e.(‘. oi* more 
of th(‘ water to (hyness. Estimate Si(b, Al.O., 
EeA)j, PjOs, CaO, MgO, COo, SO.j, as in ordijiary 
analysis. See ])aragrciphs Nos. 5, 7, S, 9. 11, i;i, 
14, 39. Salt will be found se])arately. Sodium 
and potassium may be estimated or reported by 
difference. The chief (constituents are 
CaS 04 , MgCO.{, MgSOj, and organic matter in 
solution in the case of peaty waters. 

(80) Chlorine as Chlorides . — A .standard 
solution of silver nitrate eontaining 4'790 grams 
per litre will be required ; also a dilute solution of 
potassium ehromate free from chloride. Measure 
100 e.c. of the water to be tested into a clean flask 
and add a drop or two of the chromate solution. 
Hun in the standard silver nitrate solution until a 
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pcriiianoiit orange tint is obtained. To ascertain 
the end point needs some little practice, and 
results should always be duplicated. 

Read off froui the burette the number of c.c. of 
silvTi* nitrate used. 

Number of c.v. parts ])er 100,000 of (T 

(’hlorine I bo parts per ]0(f,000 of Na(T 

fjpihtme. 

Titrate 100 c.c. with standard silvea nitrate, 
using potassium chromaH' as indicator. 

(81) Hardness. dTu^ hardness of a water is a 
factor of great importance on a works. Hardness 
is divided into two classes : permaiuait,'' mainly 
due to sul])hates of calcium and niagne^sium (and 
th(^ other alkaline earths); and tem[)oraj*y,'’ 
due to tlie carbonates of these metals, tlie latter- 
being removable by boiling. 

(82) EsIhnalioN oj hardness hy standard soap 
sointlon . — The folloAving standard solutions are re- 
([uirtal. Standard liard water made by dissolving 
without loss 0-2 gram of powdered calcite (t'aCtlj) 
in dilute hydrochloric acid and (‘vaporating to 
dryness on the water bath several times until 
(juite free from acid. The VaVL is then dissolved 
and made up to 1,0(K) c.(^ with pure distilled 
water. 

One c.c. = '0002 gram of or 20 parts per 

100,000. 
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(83) Standard Soap Solution, — A standard 
potassium olcate soap solution may be readily pre- 
pared by dissolving 80 grams of pure oleic acid in 

j)roof ” s[)irit and exactly neutralising with 
alcoholic potassium hydrate solution, using a drop 
or two of plienolphthaleiii as indicator. The 
solution is then titrated with the standard hard 
water (8L>). 

(84) Standard Imtion of the Soap Solution, — 
Measure 100 c.c. of standard hard water into a 
clean glass-stoppered bottle, and run the soap 
solution into the bottle a few c.c. at a time until 
a lather begins to form ; then add the soaj) 
solution more cautiously, inserting the stopper 
and shaking betw^een each addition. Wheji the 
reaction is nearing completion the contents of 
tlie bot I ie will only give a faint dull sound. Soap 
solution must be added until a permanent lather, 
w liicli ])ersists for at least tw o minutes, is obtained. 
The soap solution must be then so diluted that the 
100 c.c. of water recpiire exactly 21 c.c. to produce 
a lather, the extra c.c. being required to produce 
a lather with 100 c.c. of distilled water. 

Suppose the water only requires 10 c.c. of soap, 
then every 10 c.c. of the solution must be diluted 
w ith a mixture of about 2 to 1 alcohol and w^ater 
to make 21 c.c. Rectified alcohol or industrial 
methylated spirit must be used, as ordinary 
methylated spirit produces a ppt. with water. 

One c.c. of the standard soap solution wih 

f) 
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thus 1 part of Ca(;0. per 100,000. Tf 70 e.c. 
of water is taken, results as expressed in degrees 
on (hirke’s scale will be obtained— D' =- 1 grain 
of ('aC(h per gallon. 

(85) To ascertam lemporary mid permanent hard- 
nei-i^ of a 'ivaier . — Measure 100 c.c. ol the water 
under examination into the titration bottle ; or, 
if the water is known to be very hard, take 50 v,c. 
and dilute with distilled water. Run in the soaj) 
solution cautiously as described until a permanent 
lather is obtained ; deduct 1 e.c. from the amount 
used : the]i number of c.c. - degrees of tO^ 
hardness. 

Epitome, 

Titrate 100 e.c. with standard soap. 

(80) Permmieni hardnes.s. — Boil, in a Bask or 
beaker, 100 c.c, of the water down to a volume of 
about 50 c.c. or rather less. Allow to cool, filter or 
decant, and make up to 100 c.c. again with dis- 
tilled water. Titrate Avith soap solution as before. 

Number of c.c. - parts per 100,000 of permanent 
hardness. 

Total — permanent = temporary hardness. 

Epitome. 

Titrate 100 c,c,, after boiling, with standard 
soap. 

(87) Estimation, of hardness by Starulard Acid — 
lemporary, —To 500 c,c. of the Avater, or less if 
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very hard, tinted with methyl orange, run in from a 

N 

burette HniSO^ until a red colouration is just 
produced. 

Number of c.c. used parts per 100,000 of 
UaCO;, as “temporary hardness.” 

(SS) P(^niifnmit liwdnes.<i. — 'J’o 2.50 c.c. of the 

water add .50 c.c. of Na-.t !03 solution and boil 

for about half an hour, or, if magnesium salts be 
present, evaporate to dryness. 

Filter off the ])pt., or extract the rcsiflue with 
boiled distilled water, filter and w'ash ; when cool, 
make the filtrate uj) to 250 c.c. with distilled 
water. 

'.ntrate 50 c.c. of the filtrate with HoSO„ 
using methyl orange as indicator. 

,• N 

Since 10 c.c. of NaCO^ was present in every 

50 c.c. of water, then 10 — number of c.c. of 
acid used = number of c.c. of soda removed. 
€all this .T ; then soda used by the 250 c.c. of 

water = (.r x 5) ; as 1 c.c. of Na^UO, - -005 

gram of CaCO„, then (r x 5) x -005 x 400 = parts 
■of CaCOs per 100,000 present as permanent 
hardness. 

(89) Estimation of hardness in a softened imter 
cr water containing Soda . — In a water that gives 



84 


CEMENT (CHEMISTS' HANDBOOK. 


an alkaline reaction to litmus or* methyl orange 
there can be no premanent hardness, as car- 
bonates of calcium and magnesium will be pptd, 
on boiling. Boil 250 c.c. or 500 c.c. of the water., 
tilter oif ppt., if any, wash and make up filtrate 
to original bulk, titrate whole or alicjiiot part of 
N 

the solution Avith H0SO4, and calculate to 
Na AX);t parts per 100,000. 

Number of c.e. of acid used > 200 (or 400) 
•0053 parts per 100,0(K> Na^tXb. 

Contamination.- To ascertain whether walei 
is contaminated with sewage or with tlie ])roducU 
of animal or vegetable decomposition, it is neces- 
sary to estimate the free or saline ammonia, anc 
the albuminoid ammonia which is derived fron 
nitrogenous matter, by boiling with alkaline per 
manganate of ])otassium. 

The following special reagents are required 
For full particulars of the process involved < 
work on w ater analysis should be (;o[isulted. 

The estimation must be conducted under coji 
ditions that admit of no contamination fron 
fumes of ammonia, etc. The apparatus anc 
distilled water used must also be quite free Iron 
any traces of ammonia or ammonium salts. 

(90) Standard A mmoniimi Chloride . — Dissolw 
3147 grams of pure ammonium chloride ii 
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ammonia-free distilled water, make up to 1 litre 
and label as “ stock solution.” 

Take 10 c.c. of (90) and dilute to 1,000 c.e. 

J c.c. -00001 gram of NH,. 

(91) Hrafjmt . — Dissolve 35 grams of 
potassium iodide in about 250 c.c. of distilled 
walei*. Tlicn add gradually a cold saturated 
solution of mercuric chloride, stirring constaiitly 
until a faint ])crmancnt ])pt. is formed ; allow 
to stand and decant off. Then add when cool a 
solution made by dissolving 150 grams of caustic 
])otash in 150 cx, of water. Add a drop or two of 
7»iercuri(5 (*hloridc solution until a slight ppt. is 
formed. Dilute to I litre and allow to stand. 
Decant otf a portion into a smaller bottle for use, 
and always use a ])ipette or graduated tube to 
measure out the required quantity of solution. 

(92) Alkaline Penmnganale. -Dissolve 200 grams 
of caustic potash in about 800 c.c. of ammonia-free 
distilled water. Then add 8 grams of potassium 
permanganate, allow^ this to dissolve and boil for 
a slioit time ; when cool, make u]) to 1 litre. 

(93) E^sfitnalion of Free A mmoniaF — Distil 
250 c.c. of the water, or less if very contaminated, 
using a large flask fitted to a Liebig’s condenser in 
the usual way. The apparatus must first be well 
cleaned and boiled out with ammonia-free water 
until the distillate gives no reaction with Nessler’s 
reagent. The distillate from the water under 
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exainii)atioii is collected in a series of Nessler 
tubes, and the operation continued as long as a 
colouration is produced with 2 c.c. of the reagent 
(91). 

Usually three cylinders are sufficient. To each 
add 2 c.(^ of the reagent and prepare a similar tube 
using distilled water; measure into it 1 c.e., or 
more, of the standard ammonium chloride and 
then add 2 (;.c. of Nessler reagent. Tubes are 
thus prepared to match the tint of each tube of 
distillate, and the total number of (\c. of standard 
ammonium chloride required noted. 

Number of c.c. used / (tO(K)l x 400 - parts 
of free ammonia per 100,00(t 

The Nessler must always be added to the am- 
monium chloride and not vice verm. Instead of a 
ffask and Liebig’s condenser a large retort litted 
to a spherical condenser placed in a bath of 
water juay be used. Quite 100 c.c. of distillate 
is collected and tested against standard ammonium 
chloride as described. 


Epitome. 

Distil 250 c.c. of water. 

Test distillate with Nessler reagent (91). 

(94) Albuminoid A^nnumia . — To the water re- 
maining in ffask or retort add 25 c.c. of the alkaline 
])ermanganate (92), and continue the distillation 
as long as ])ossible. Then test the distillate as 
before, and ascertain number of c.c. of ammonium 
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chloride solution required to match depth of 
tint. The calculation is the same as above. 

Epitome, 

Add 25 c.c. of alkaline i)ermanganate and re- 
distil, 

l'\)r interpretation of results consult a work on 
water analysis. See Appendix 3;U for typical 
analyses. 

(95) Estimation f>f Oxjpjen reqnired to oxidi'Se 
(hcjanic Maiier, A standard solution of potassium 
permanganate is required containing 0-395 gram 
per litre. Then 1 c.e. -0001 gram of oxygen. 

Into a clean glass bottle or flask place 250 c.c. of 
water to be tested ; then add, from a graduated 
pi])ette or tube, 1 c.c. of the standard perman- 
ganate solution and about 10 c.e. of sulphuric 
acid to which has been added enough perman- 
ganate to make it slightly pink. Allow to stand 
for iifteen minutes at 15° V, If the pink colouration 
remains, the oxygen absorbed is nil ; if it dis- 
appears, add another c.c. and continue until the 
colouration is permanent for one hour. 

if the water is likely to use a lot of perman- 
ganate solution, take 250 c.c. in flask as before, and 
250 c.c. of distilled water in another flask ; add 
10 (*.c. of permanganate and 10 c.c. of the dilute 
acid to each, and allow’ to stand for three hours, 
at the same temperature (15° C.). Then add a drop 
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or two of potassium iodide solution to the distilled 
water as '' check/’ and titrate with a solution of 
sodium thiosulphate cojitaining 1 gram per 1,000 
C.C., using freshly made starch solution as indi- 
cator. Note the: number of c.c. of thiosulphate 
required to just nmiove the blue colour caused 
by the iodide and starch. Repeat the titration 
in a similar way with the water under cxaminatioji. 

Note number of c.(\ of thiosulphate used. As 
the dis+illed water uses uj) no K^MinO^, the etpii va- 
lent in terms of thiosulphate will be know n. 

(96) E^imalio)) of Nitrate-^ i- Nilrile.s, — Tlie total 
solids from 500 c.c. of water are taken u]) with 
a small quantity of distilled water, filtered, and 
Avashecl. The filtrate, after being eva])orated to 
about 2 C.C., is put into the cu]) of a nitronuTer 
and then carefully into the instrument, winch 
must be full of (iean mercury. The beaker and 
'(*11 p are then washed with a little w^ater, which 
is also allowed to run into the graduated tube ; 
6 c.c. of 36 E H 2 vS ()4 free from nitrates are then 
carefully admitted, care being taken not to admit 
air. Any air or (tb bubbles which may be pro- 
duced are carefully driven out by raising the other 
limb of the instrument. The tap is again turned 
off, and the tube and contents carefully but 
thoroughly shaken for about ten minutes, or until 
there is no further imjrease in the volume of gas 
collected. Allow^ to cool, and then adjust the 
level of the mercury in both tubes until that in 
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the open tube is about one-tenth of the volume 
of the liquid above the mereury in the closed 
tube. Read off the volume of jiitrie oxide (NO) 
and note temperature and barometric ])ressure. 

(^alcmlatc to volume at (L, and 7b0 mm. NO 
eontains half its vohnne of jutrogen, so the gas 
thus found rc])resents nitrogen in j.Odd ])arls. 
] c.c. of uili'ogen weigits •0012544 gram, there- 
fore : 

c.c. of N (at N1T) , -12544 parts of N per 

100,000. 

N 4-5 HNO,. 

(97) of X itraies ffslng SUnxIard Indigo 

Solndon .- -The following standard solutions are 
rcquirt^d : 

Indigo Solnfion,- Digest 1 gram of pine solid 
indigo with 10 c.c. of fuming sulphuric acid foi’ 
several hours on a water bath until all is dissolved. 
Make the solution uj) to a volume of two litres w ith 
<listilled water. 

SUnidard iV//m/c.-- Dissolve 1-004 grams of pure 
KNO3 in one litre of distilled water. This contains 
the equivalent of 1 gram per litre of HNCL ; for 
use dilute ten times ; then 

1,000 c.c. 0-1 gram HNO,. 

To standardise Indigo,— Take 10 c.c. of the 
dilute nitrate solution and 10 c.c. of distilled 
water in a flask, add 20 c.c. of pure 36 E H.,SO., 
free from nitrates, and immediately run in from 
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a previously filled burette the indigo solution, a 
lew drops at a time, until the first brown tint 
b(‘gins to become darker, when the addition may 
be hastened. The reaction is complete when tlie 
solution assumes a decidedly green tint, which is 
best seen upon dilution. With a little practice 
th(^ ejid tint is soon recognised. 

•001 , , 

No. of c.c. used 

To estimale Nihnk in HVdpr.- 'rakc ::i() (\c. of 
file water and, 20 e.e. of 3GE H^SO, and titrate as 
described. li the water contains more than 
10 parts of HNOa per 100,tK)0, use 10 e.e. and 
dilute to 20 e.e. with distilled water. 

No. of e.e. used , jaetor , oO.OOO - parts j)er 
100,000 of UNO.,. 

'I’he indigo should oceasionally be (dua^ked, as it 
deteriorates after a time. An estimation can he 
carried out in less than five minute, s. 

(98) Pm-wnouN Metals, — A drinking water should 
always be tested for lead, copper, etc., by passing 
HoS gas through a quantity of the water contained 
in a clear glass vessel. No dark colour should be 
produced. If present, lead may be estimated by 
evaporating several litres of the water to a small 
bulk, acidifying slightly with hydrochloric acid aiid 
ppl. u ith HjS. 

Filtei', v\’aHh, convei't into PbSfA, and weigh ; or 
lead may be estimated colorimetrically by com- 
pari.iOJi of the depth of tint produced by adding 
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to a known amount of water, and also to a 
standard dilute solution of lead nitrate. 

■ Eidkiwe. 

Pass H^S through at least 1 litre of water. 

Estimate fis PbS 04 or eolori metrically. 

W iiief sofienmg . — Many .systems of water soften- 
ing are in vogue ; they are nearly all based upon 
the removal of carbon dioxide and consequent 
precipitation of calcium carbonate by means of 
lime, or precipitation of carbonate and sulphates 
by means of soda ash (NaaCOj) or caustic soda 
NaOH. 

The following are the principal reactions in- 
volved : 

(1) CaCO, I CO., t- Ua(OHh - 2('a('(\ ^ HA.) 

(2) MgCO, + CO 2 I 2Ua(OH)., = 

2('a(’(), I Mg(OH)., i HA) 
(;f) ('aS()4 + Na,UO:, - Cat'O... i Na,SO„ 

(4) MgSO, -I t'afOHb -f NajCC), - 

CaCO,. -1 Mg(OHh + Na^SO* 
(.^)) (at'O, i 2NaOH - ('a(()H)., + Na,(X>, 

(6) CaSO^ ^ 2NaOH ('a(OH)., + Na^SO^ 

The following illustrates the method of calcu- 
lating the amount of lime required per 1,000 
gallons, the CaOOs present being known from the 
temporary hardiress or by analysis of the total 
solids : 


Cat’O, + (X), + UaO -- 2(^aUO» 
100 r 56 
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100 parts of ('aCOj requires 56 ])arts of (juick- 
liine (CaO). 

Tlie water has say 15 parts of CaCOs pei' 100.000. 

1,000 parts of water contain -15 of CaCO:,. therefore 

] ,000 parts of water require ; 

' 100 ’ 

56 -15 70 

grains of ('aO per gallon. 

56 ,15 70 1,000 . „ , 

‘ —grams ol ( aO per 1,0(»0 galls,, 

or 56 -15 700 5,880 grains ; 


there are 7,000 graijis per lb. 
5,880 X 16 
7,000 


- oz. 


])er 


(Iti 07 ..), 

1,000 gallons: 


or, as one equation. 


56 


degrees of Imrdnesr- 


l(i 


1,000 


In actual calculations the percentage of Cat) in the 
lime used niiist be known (140) and allowed for. 
■Slaked lime is always used in practice : the 
equation then becomes 


74 :\ degrees of hardness < 16 foz. of Ca(()H )2 per 
1;000 i 1 ,000 gallons. 

. j 74 ■, hardness x 16 \ 100 

1,000 percentVof(7i(OH);iiriinie ' 

1,000 gallons of slaked lime required. 

As the amount of t^(X in the water is always 
largely in excess of that required to keep the 
('aCOjj in solution, the above calculation will only 
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give approxiinately the amount of lime to be 
actually used. 

Tlie following mctliod of ascertaining the amount 
of lime (LaO) required per million parts of an 
ordinary water is taken from a paper by Mr. 
^\^ I). Uollins in the Krujincering Record, February 
Kith, mi (U.S.A.) : 

(hti) Exrrss of (YL. — Titrate 100 (^.c. of the water 

with ‘ solution free from bicarbonate. 

,)0 

using ])lu‘nolphthalein as indicator. 

Xo. of c.(!. used 10 ('aC'O;, equivalent of 

('(), (0). 

(100) Tt-mporai-j/ /Mf/t/'He.ws'.— 'fitrate 100 c.c. of 

the water witli H.SO, in a 200-(^c. graduated 
oO 

hash, using methyl orange iis indicator. 

No. of c.c. used - 10 ])arts |)er million of 
CaCO, ('>)• 

(101) .l/r((/M('.s/o.— ■ Heat to boiling in the 200-c.c. 
bask the neutralised water (100) : boil for fifteen 
minutes, add 2r» c.c. of saturated lime water. 
Make up to 2(K> c.c.' at temperature of room. 
Filter into a graduated cylinder, reject first 50 c.c., 

N 

titrate next 100 c.c. with H.SO4, using methyl 
orange as indicator. 

Repeat, using distilled watci’. 

Difference ^ amount of H2SO4 which has been 
neutralised by Ca(()H)2 required to ppt. MgO. 
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This No. of c.c. x20=parts per million of CaCO.., 
equivalent to magnesia (c). 

(102) Pfrrmment liardness , — Boil 250 c.e. of the 

N 

water in a porcelain dish. Add 25 c.c. of soda 

reagent (equal parts Na^OCX, NaOH), and boil for 
ten minutes. Filter, make up to 250 c.c., and 
N 

titrate 100 c.c. with H 2 S() 4 . Repeat, usijig 

distilled water. Dilfereuee in number of e.c. of 
H 2 S ()4 required soda reagent used. 

This number x 10 parts per million of CaCOy 
as permanent hardness [d), 

(103) Thcji a-\ h !-r •-5(:) -parts per million of 
OaO required to soften water. 

d y 100 = parts per million of soda recjuired 
to remove permanent hardness. 

GAS ANALYSIS. — Collection of Samples 

— A sample of rotary kiln or furnace gas can best 
be obtained at the base of the shaft. Foi* this 
purpose a brass or copper tube sufficiently long is 
introduced through an eye hole or an opening 
especially made. 

Tlie length of tube inserted in the furnace should 
have holes pierced in the sides in order to obtain 
a sample of the gas from as many different points 
as possible. 

In orderrto prevent corrosion by acid gases, the 
tube may be dipped in a strong solution of borax 
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and dried ; iipoji becoming heated the borax fuses 
and forms a protective glaze. Aspirators of metal 
or glass may be purchased, but for ordinary use a 
very eflfective one can be easily constructed from 
a Winchester quart bottle as follows : 

(104) Fit the bottle with a sound cork or rubber 
bung pierced with two holes. The cork is fitted 
vith two glass tubes bent at right angles, one 
being sufficiently long to reach to the bottom of 
the bottle, the other only just passing through the 
cork. 

When the apparatus is to be used a glass or 
rubber tube sufficient ly dong to reach below the 
level of the bottom of the bottle is attaclied to 
the exterior end of the longer tube, the bottle is 
filled with water and suction applic^d to tliis tube ; 
the watei' is thus sy])honed off, and the gas enters 
the other tube and fills the bottle. The rate of 
as[)iration may be regulated by placing a screw 
clamp on the rubber connection. By preparing 
a number of bottles fitted in a similar way, but 
the glass tubes bearing glass stop-cocks, any 
number of samples of gas may be obtained with 
the use of one aspirator. 

(105) The apparatus is fitted up as follows 
Place the sampling tube in the flue ; to the end 
obtruding attach a wash bottle or a dust trap con- 
sisting of a tube loosely packed with asbestos or 
cotton wool ; connect this to the sample bottle and 
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that ill turn to the aspirator, making sure before- 
hand that all connections and stoppers are abso- 
lutely gas tight. Before scaling off and dis- 
connecting the sample, bottle, aspirate at least 
tw ice its volume of gas through the a])])aratus in 
order to remove air and to saturate the wash 
water with the gas under examination. 

Annh/sls of (hises in flic HcnipcJ A pparai ns. -Aw 
kiln or furnace gas it is necessary to estimate the 
following constituents when present : Carbon di- 
oxide, (airbon monoxide, oxygen, nitrogen, and 
hydro(^arbons. For a description of the a])paratus, 
mode of fitting together, and otlier (led, ails Hompers, 
(ids Andlijsis should be consulted. 

The following solutions for absorption are re- 
quired : — 

(100) For (\trboti Dioxide. —Dissolve HH) grams 
of KOH in c.c, of distilled water, 

(JOT) For Oxifcjcn . — Dissolve 10 grams of pyro- 
gallol ill 200 c.c. of potash solution (JOb). 

(108) For (^arbon Monoxide.- Dissolve a mixture 
of 80 grams of copper oxide (CuO) and 17 grams of 
co[)])ei* filings in 1,086 grams (960 c.c.) of hydro- 
chloric acid of sp. gr. M24, adding this mixture to 
the acid slowly with frequent stirring. Store in a 
bottle containing metallic copper. 


(109) Fillimf the Burette . — Cdnnect a piece of 
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capillary glass tube to th(^ top of the measuring 
tube ol the burette by means of a piece of stout 
rubber tubing, which should carry a clip and l)e 
w ired on. Fi\] the pressure tube with water satu- 
rated. ii ])ossible, Avith th(‘ gas under examimitioii : 
rais<' the tube, thus (aiusing the water to enter the 
iiH^asuniig lube until it issues from the capillary 
tube. ( lose the clip and conne(d/ to the as])irator 
by means of aiiothcr piece of short- rubber tube. 
All i*ubber conn(‘ctions should be wired on. jjower 
th(^ pr(\ssurt‘ tube and 0])en the clips until the gas 
to be analysed is drawn in and rather more than 
HK) e.(^ arc contained in the measuring tube. 

< 'lose the clips and disconnect from the as])irator, 
which must, ol course, be again securely sealed u]). 
Now close the long laibber tube betAveen the pres- 
sure and UK^isuring tubes, liaise the pressure tube 
and oj)en the clip to allow water to tlow^ into th(‘ 
measuring tube until it- just reaches the graduation. 
Again close the clip on the connecting tube and 
o])en the top of the measuring tube ; excess of 
gas will escape, and exactly 100 c.c. aauII i*emain 
at atmospheric pressure ; close the clips. 

For technical work it is not necessary to note 
barometri(* juessure or temperature, ])ro\dded th(\y 
do not alter during tlie examination. 

(110) Estimation of Carbon —Fill an 

ordinary absorption burette with the potasli solu- 
tion (1 06) by means of a funnel attached to the 
tube (a_)nnected with the reservoir bulb. 'Jdien, by 
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means of suction, draw the solution into the othei 
(absorption) bulb until it almost completely filh 
the capillary tube ; thus practically all air ii* 
ex(^lu(led from the ap])aratus. Such an amouni 
of reagent must be used that it will be containe( 
by the leservoir bulb when it is driven back b) 
the gas from the pipette. Havijig lilled tht 
burette, note the position of the reagent in flu 
capillary tube and bring it to the same ])ositioi 
between each reading. Attach the pipette b) 
nutans of the comuMding capillary tube and rub])ei 
joint/. 

Open the pinch-cocks and raise the ])r(*ssur( 
tube, thus causing the gas t-o (alter the binette 
Allow^ the water to (ill the comifM'ting capillarj 
tube, close the ])inch-cocks, and giaitly shake flu 
contents of the burette in order to present a largej 
surface of the reagent’ to the gas. Allow to staiK 
for at least five minutes. (Viuse the gas to returi 
to the pipette by lowering the pressure tube 
adjust the level of the water, allow^ to stand foi 
a few minutes, and then read ofi the volume ol 
the gas. Ilepeat the operation until a constani 
Anil lime is obtained. 

100 — reading - volume of carbon dioxide pei 
cent. 

Epitome. 

Treat 100 c.c. with potash solution in gas 
pipette. 


(Ill) Esiimatieni of Oxygem . — The pipette is 
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replaced by a “ double ” one containing alkaline 
pyro-gallate solutio]) (107), ajid the absorption 
process i*epeated. 

Diiuiiiution in volume oxygen per cent. 

(1):]!) Edimalion of (Vtrho}i Monoxide, — The 
pi]>clt(‘ is i'(‘[)iaced by one containing acid cuprous 
{•hloride (LOS), and the absor])tioji ]n* 0 (iess repeated. 

Diniiinition in volume carbon monoxide per 
(*ent. 

(113) XKroyen. - The residual gas is generally 
taken as eamsisting of nitrogen, and this is the case 
when the furnace is ^vorking properly. Should 
there be an insufHcient supply of air, there may be 
hydrocai'boiis or hydrogen present. 

(114) E^sfijnatioii of CoinhaMible (/n-scs*. — About 
30 c.c, of the residual gas are made up to 75 c.c. with 
oxygeji, and the exact volume noted. The mixture 
is then fired in an explosion pipette or eudiometer 
by means of an elec^tric spark. The contraction in 
volume is. noted and the gas passed into the ])ipette 
<‘ontaining potash solution (106), M hich absorbs the 
COo formed, and the volume again noted. 

The volume of hydrogen and methane may be 
calculated as follows : 

Let X == contraction due to tiring. 

y = „ after absorption of COo. 

Vol. of hydrogen equals | {x — 2y) 

„ methane equals y. 
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Tlic perceutage is then calculated as follows : 

Vol. of hydrogel) I ^ Vol. of residual gas 
or methane I ' Vol. taken for coinbustion 

(115) Ana1y>ti.s wHli Ihe (hmi -d'his 

is a j^oidablc apparatus consisting of a measuring 
burette and absorption pipettes, which are iilled 
witli tlie usual reagents. Some forms of the 
apyiaratus also liave a palladium lube for the 
determination of the combustible gases. Ac('()i‘d- 
ing to Hem])el, there are several sources of in- 
accuracy. 

Kull instructions are usually su])i>lied with the 
instrument. It is a convenient a])}>aratus for 
control work. 
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(’HAPTER V. 

CEMENT ANALYSIS. 

(116) In order to ascertain Avliether the clieniical 
couipositioii of a sample of cement fulfils the 
requirements of the British standard specification, 
it is necessary to estimate silica, insoluble matter, 
alumina, magnesia, sul]>huric anhydride, and loss 
on ignition. Jt is not actually necessary to esti- 
mate iron oxide, but it somewhat simplifies the 
analysis to do so, in which case the alumina can, 
in the absence of phosphates, be estimated by 
difference. 

For particulars of the requirements the standard 
specification should be coiLsulted. So far as the 
lime, silica, and alumina ratio is concerned, the 
following formula may be employed : — 

Let X ^ per cent. CaO, y per cent. SiOa, and 
- = per cent. ALO3, then 

X 

56 

60 ^ 120 

should fall betAveen 2-85 (maximum) or 2*0 (mini- 
mum). 
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(117) Silica + Insoluble. — Weigh out into 
i\ 6-in. flat ])orce]ain or platinum dish 0*5 gram of 
the eement. Add a little distilled water, and 
rotate the dish to prevent setting ; then add 
25 e.e. of pure 10 R HCl, place on a sand or water 
hath, and evaporate to dryness, (hver uith a 
clock-glass, and bake on a hot plate at a tem])era- 
tnre of 200"'' (\ for at least one houi'. Remove 
from hot plate, and allow to (^ool. Add 25 c.c. of 
I OR HCI and about the same ajnoimt of water, 
warm for a few minutes on l]u‘ sand or water 
bath until the iiisohd)lo matter is (piite free' from 
iron coi)ipoun(ls. Filter through a I2*5-cm. ra])id 
1ilt(‘r paper, wash by decantation, lemove every 
trace of silica adhering to the dish by im^ans of 
a rubber-ti])])ed glass rod. Wash witli hot v\ater 
until (juite tree from chloride^. Del urn ihe lilirato 
to the dish, and again eva])orHte to dryness on 
the sand bath. 

Take up with 25 lOE H(1 and watc]-, digest 
if necessary, hlter off any trace of silica through a 
0-cm. ])aper, and wash well. Dry and ignite the 
two residues together for at least one liour in a 
good muffle furnace. 

Weight > 206 - silica | insoluble. 

Treat with hydrotluoric acid in platinum crucible 
as under (17). 

(118) Alumina and Ferric Oxide. — Return 
the filtrate from (117) to the evaporating dish, add 
a drop or two of bromine water, and bring nearly to 
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the boiling point over an argand burner or on 
a hot plate. » ^Vmtiously add a slight excess of 
IOENH4OH, and gently heat until nearly all the 
excess of ammonia has beeji driven off. Filter 
through a ITwrii. rapid ])aj)er ; wash slightly, and 
collect tlu' tiltrat(‘ in a large Phillip's beaker. 
Pi(nvt‘ a hol(‘ u, the filter pa]>cr and wash the ppt. 
back into the original dish. Without rcnnoving 
])apei* from the funnel, drop on to it 15 c,.c. of 
lot] HCl, and wash down into the dish with about 
20 c.c. of hot water. Ivcprecipitatc the alumina 
and iron oxide as before, hlter, and wash thor- 
oughly and rapidly, well churning up the p))t. 
Dry, and ignite in muffle' for one hour, cool in 
d(‘sic,cator and weigh. 

Weight \ 200 ])er cent, of ALO.; Fed);,. 

Fuse with sodium bisuiphit(‘ and estimate iron 
volunietrically as in (17/>), or take a fr(‘sh ])ortion 
of cement (0-5 gram) and estimate iron volu- 
inetrically after separating silica as under (2(1) 
or (27). 

(118?>) Sqjantlion of Ahmiina nvd Ferric O.r/r/c. 
---Precipitate the mixed hydroxides with ammonia 
as in (118), filter and wash. 

Dissolve the ppt. on the filter with lOF H(!lv 
and allow the solution to run directly into boiling 
5E KOH, preferably contained in a platinum or 
nickel dish. 

Filter off and w ash the ppt. of ferric h 3 Tlroxide 
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this may be dissolved in lOE HCl and rcpptd. 
with 18E NH4OH, filtered, washed, dried, ignited, 
and weighed as EeoO^. 

Weight X 200 - per cent. hCoO^j. 

Acidify the filtrate with lOE HCl, and ppt. tlie 
alumina witli lOE NH4()H, filter and wash. 

lledissolve wiih lOE HCl and reppt. with 
lOE NHjOH, filter, wash, dry, ignite, and weigh. 

Weight X 200 - percent. ALA);}. 


(110) Lime ((>aO).- Evai)orate the filtrate (J IS) 
somewhat, if jiecessary, and heat neaily to boiling, 
add about 20 c.c. of 5E NH4OH, boil and add at 


least 30 c.c. of boiling 


3E 


ammonium oxalate solu 


tion, and continue to boil for five minutes. Allow 
to stand in a- uarm place, if possible, for at least 
one liour. Filter through a lo-cm. pajxT and 
uash. The filtrate and first washings are reserved 
for MgO determination (121). 

Continue the washijigs until a drop of the filtrate 
does not discolour an acidified very dilute solution 
of potassium permanganate. Estimate CaO gravi- 
metrically (see 8a, 8&, and 9) or by means of 
standard solution of permanganate, as described 
in (10). 


(120) P'or very accurate work ignite the still 
moist ppt. in a platinum crucible over a small 
bunsen burner. Place in a large beaker, dissolve 
ppt. in redistilled lOE HCl, dilute with 150 c.c. 
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of water, warm, add slight excess of lOE NH4OH, 
filter off any traces of aluiniiia, repreoipitate witli 
amnioniuni oxalate, and estimate tlie (ViO as 
before, or ignite in good muffle to constant w eight. 

Weight of LaO < 200 percent. LaO. 

(l-l) Magnesia (MgO). — The filtrate or filtrates 
from (110) lire evaporated nearly to dryness in the 
huge dish. Add 80 e.c. of imre lOh] ITN(h, evajK> 
rate to dryness, and continue healing on the hot 
plate until all ammonium salts are volatilised. 
Remove from ])late and dissolve residue in 5 e.c. 
of lOE H(1 and about 20 c.c. of distilled water. 
Add one dro]) of Tmomine water and slight excess 
of lOR NH,i(dl, Avarm carefully for a few minutes 
and then tiller off any ppt. through a r>-cm. ra])id 
paper. Tf not (\\c(^eding 0002 gram, ignore. 
<\fllect filtrate in a 200-c.c. beaker, add 10 (‘.(*. of 

2 OE NH^OH aiul 5 c.c. of Xa,HP 04 solution. 

Stir well Avith a rubber-tipped rod, and alloAv to 
stand in a cool place over night. 

Filter through a 7 or 9 cm. filter paper, Avash by 
decantation, using 5E NH^OH ; then transfer ppc. 
to the paper, remove by means of the rubber-ti})ped 
glass rod any particles adhering to the sides of the 
beaker, and continue to wash until free from 
chlorides. The ppt. may be ignited Avhile moist in 
a platinum or porcelain crucible in the muffle fur- 
nace or over a good burner for half an liour. 
Oool in a desiccator and weigh as iVlg 2 P 207 . 
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Weight of ppt. X 0-:K)2 x 200 - per cent, of 
MgO (sec Appendix, 2r)A). The ppt. before washing 
may be dissolved in a little warm water and a 
drop of Jjydroelilorie acid, and r(^p])td. by addition 


of I e.c. of 


215 


NaoHPO,, and e\(*ess of ammonia. 


(122) Alkalies. These are generally estimated 
by (liO'erence ; they may be (‘.stimated directly by 
the Lawrence* Smith method as describ(‘d under 
tTiy (Ml ), or as follows 

Ti'eat one grain of cement in a large [ilatiniun 
dish, as for ordinary analysis for estimation of 
Silt, AM)., Fed).;, Cat). l5va])orate filtrate from 
t'aO d(‘l(M*mination to dryn(\ss in a ])latiniim dish 
carefully. Ignite residue until fi’ec* from animon- 
iacal salts, (*ool, then add 0 e.c. of water and 
brush in about 1 gram of ]H)wdered oxalie* acid 
cj'vstals. 15va])o!‘ate carefully to dryiK^ss and 
iguit(‘ as b(‘fore. Treat the' residue with about 
2d e.c. of hot distilled waiter, tilter, and wash ; 
r(*sidue consists of MgO and may be weighed a.s 

SlK'h. 

The iiltrate is nnide acid with 1015 HCl and 
evajiorated to dryness very carefully in a w'cighed 
])latinum dish. (Viol in a desiccator and weigh. 

Weight NaCl -| KCl. 

Nad ) and K.d) can then be estimated as under M2/>. 

Perform a blank C'xperiment, using same qiian- 
titi^ of reagents and deduct rcvsult from above. 
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Kpltome. 

Separate SiO^, Al.Os, Fe^Ctj, CaO. 

Evaporate to dryness, add oxalic acid and 
water, eva])orate to dryness, take u]) with 
water* filter and wash. Acidify filtrate 
with hydrochlorh*- acid and evaporate. 

Se])ai‘ate K(1 and Nad by means of platinnm 
chha ide (see IV21)), 

For loss on i,i;nitjon, see (IHO). 

Ordinary Method of Analysis for 
Technical Purposes. — N/0.> (uid insojublv , — 
\V(a,i>h out d o gram of cement into a G-incli ])orce- 
lain dish, add a little water, swirl round, and add 
27) (\c. IdF HCI. Fva])orate to dryness on hot 
])lale, cover, and bake for one hour. Kemove from 
hot plat(\ and when nearly (*ool take ii]) with 
27) (*.c. lOF Hd and water. Digest, if necesvsary, 
tilt(‘r off SiO. i jjisoluble, clean dish, well Avash, 
ignite and weigh. 

Weight / 200 per cent, silica and insoluble. 

(124) To filtrate from (122) con- 

tained iji the large dish add a drop or two of 
bromiiK' Avater and slight excess of lOE NH4OH ; 
gently boil off excess of ammonia, filter through a 
ra])id ])aper, wash w^ell, ignite and Aveigh. 

^Veight > 200 per cent. AhO.i, Ee-Xh. 

Estimate Fc.>0., separately if recpiired (20) or (27). 
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(125) CaO . — Boil filtrate from (124) in a large 
Phillips beaker, add slight excess of ammonia and 
3E 

50 c.c. of boiling ^ ammonium oxalate, boil for 


three minutes, allow to stand for half an hour, filter, 
wash well, and estimate by means of standard 
permanganate ( 9 ). 


(126) Evaporate liltrale from (125) nearly to 
dryness, add 30 ex*, of 16E HNO 3 and drive off 
ammonium eompoiinds. Take up w ith a few drops 
of hydrochloric acid and a little water. Add 
slight excess of ammonia, filter off any p])t., to 

filtrate add 10 c.c. lOE NH 4 OH and 5 c.c. of 

Na 2 HP 04 , stir well or shake in a st<)p})ere(.l bottle 
vigorously, allow to settle, filter, wash with 5E 
NH 4 OH, and Meigh as Mg 2 P 207 (25a). 

Weight X 0*362 ^ 200 per cent. MgO. 


Epitome. 

0-5 gram cement, treat with 25 c.e» hydro- 
chloric acid, evaporate to dryness. Bake 
one hour, allow to cool, take uj) with 
25 c.c. hydi’ociiloric acid. Filter, wash, 
ignite, and w^eigh = SiOo -f insoluble. Ppt. 
AI 2 O 3 , Ee 203 with ammonia. Filter, wash, 
ignite, and w^eigh AI 2 O 3 , FcaOa. To fil- 
trate add boiling ammonium oxalate + 
ammonia. Filter, w'ash, estimate (5aO. 
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Evaporate (ilt.rate nearJy to dryness, add 
HO c.e. iiitrie acid, drive off all Am. salts. 
Dissolve ill dilute hydrochloric acid, ppt. 
and filter off traces of Al,(),. Fc^O;, ; ignore 
ppt. To filtrate add ammonia I sodium 
phosphate, agifate, allow to settle, filter', 
wash with oE NH4OII, ignite and weigh 
as Mg-dVO; : calculate to AlgO. 

(1-27) Insoluble Residue. Weigh out into a 
o-in. hat distilled dish O o gram of cement. Add a 
little (listilled w ater and rotate to prevent, .setting ; 
then add 10 e.c. of IOE HCl and warm on the hot 
plate for fen minutes or a rpiartei' of an hour. 

Adil 10 c.c. of lOF HCl and about 2.") c.c. of 
water', allow insoluble matter to .settle, lilter 
through a tl-cm. ra])id iiaper, wash at least three 
times by decantation, allowing as little of lire 
insoluble matter as possible to leave the dish. 
Finally, wash back into the dish any particles 
adhcriirg to the filter paper withorrt removitrg latter 
front the finntel. The liltrate is used for estimatiorr 
of SO. (12<S). 'I'o the contents of the dish add 
10 c.c. of HE iS’aaCO.i solution arrd boil foi' ten 
rrriitutes. Filter rapidly thrortgh thrr paper pre- 
viously trst'd. and wash with boiliirg water until a 
dro]) of the filtrate leaves no residue upotr evapora- 
tion. Dry. igirite, attd weigh. 

Weight 200 per cent, insoluble residue. 

H’he weight so obtaimrd is sirbtractcd fi'oin the 
total SiOj and insoluble residue (117) mid (123). 
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Epitome. 

Treat 0-5 grajji with warm hydrochloric* acid. 

Filter, wash by decantation. 

Boil residue with 10 c.c. sodium carbonate 
solution. 

Filter, \^'ash, ignite, and weigh. 

(128) Sulphuric Anhydride (SOJ. — Boil in 
a 10-oz. Phillips beaker the hltrate from (127), and 
Avliilst still boiling add drop by dro]) 10 c.c. of 
E BaCla solution ; after five minutes allow to 
settle in a warm j)lace for at least t\\c> hours, if 
])ossible. I^'ilter through a 7-(mi. close*lcxture 
}Ki})er, wash with w^ann waiter unfil (juite free 
from chloride. Dry, igiiite, and weigh as BaSO,,. 
The cnicibh^ containing the damp pa])er may be 
phu*cd in the mouth of the miifile furnace^ and 
ignited therein afterwairds without much feai* of 
an inaccurate result. 

Weight of JhiSdj > 0*3431 x 200 - per cent. SO.j. 

Epitome, 

Precipitate w ith barium chloride solution. 

Wash, ignite, and weigh as BaSO.,. 

(129) Sulphur as Sulphide.— Sulphides, if 
present in sufficient amount, may be estimated by 
the following method Treat 0*5 or 1 gram of 
cement wuth a little w^ater in the usual w ay, then 
add 25 c.c. of 16E HNOg, warm and evaporate 
gently to dryness, allow to cool, and take up with 
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10 c.c. of lOE H(1 and w ater. Filter off siliea and 
wasln 

To the filti'ate add 10 e.e. of E Ball solution and 
treat as in (I2S). From the weight of BaS()4 
obtained dednet the e(|inwalent found when esti- 
nialing SO,.. Tlje excess BaS04 « 0 L‘17 200 

(or 100) per cent, sulphur as sulphide. 

Kuilomc, 

Treat witli nitric acid, eva])orate, take up w ith 
liydrocldoric acid, lilter and wash. 

To filtrate add BaOl.^ solution, filter; wash, 
weigh as BaSO,. 

The sul])hur found as sulphide may be calculated 
to calcium sul])hide, OaS, thus : 

Weight of BaSO,, \ 0-309 200 --- CjiS, 

in which case the e(piivalent must be deducted 
from the lime ((’aO) found. One per cent, of 
(^iS - 0-776 per cent. CaO. In like mannei* SO., 
may be converted into 0aS04. 

Weight of BaSO., > 0-583 >: 200 (.^aSO,,. 

For each 1 per cent, of (WSO4 deduct 0-41 per cent, 
from the OaO found. 

(130) Loss on Ignition.— 0-5 gram is ignited 
ill a platinum capsule for ten minutes in a mufflie 
furnace. The temperature should not exceed 
800^ C., or there wdll be a loss of SO3. 

Loss in weight x 200 - loss on ignition (CO2 -f 
H2O + organic). 
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Carbon Dioxide. — Jf necessary this may be 
estimated by treating n grams with hydrochloric 
acid in the absorption ap])aratus as described 
in (14). 

(IBl) R. K. Meade {Portland Nfml) re(‘om- 
mends the use of a Shimer crucible*. 'This consists 
of a j)latiniim crucible ])rovidtMl with a vvateu- 
jacketed st{)pj)er and reservoir for supplying watew 
to th(' latter. From 1 to .B grams of (‘cmcnt. is 
pla(‘ed in the crucible* and covered with igniteal 
asbestos. The crueable is heat(*d by means of a 
bunseii burner aftiT starting a How of iiot water 
through the stopped. The gas is aspiratt*d thremgh 
potash bulbs and (*alcium chloiide* tubers in the 
usual way. Finally the* crucible* ih lu'ated ovei’ a 
blast burner. The abse)r[)tion apparatus is 
weiglmd ; increase oi weight eepials ('()>. If the 
cement contains ain' unburnt carbonaceous material 
this e*auvses an error. The car})e)n may be* estimate*d 
by tieating the etemeut with acid, tiltering thre)ugh 
asbe.'stos, and then igniting residue in the crucilHe. 
For details see work cited. 

(1‘32) Rapid Method for Estimation of 
Lime in Cement.— Weigh O n gram e>[ cement into 
a dry wide-form 8 () 0 -c.c. beaker, add about 10 c.c. 
of elistilled water, and rotate to ])i*e\'ent setting, 
Wwu add 20 c.c. of lOE IlCl. Warm until solution 
is e*omp](*te. Dilute to about 250 c.c. witli warm 
w ater, boil for a few- minutes, the*n exactly neutral- 
ise witli lOE NH 4 OH, using methyl orange as 
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indicator. To the boiling solution add 10 c.c. of 

J (concentrated) o\ali(* acid solution, boil for 

one inimitc, Ukmi add 70 (‘.c. ot ^ annnoniuin 

o 

o\alate solution. l>oil for seven minutes, remove 


Ifotn h(\it, allow to settle, and filter tlirough a 
lo-( hs. r.i|>id [)a]M‘i‘. Wash several limes by 
(ie('a{itat io(u using ])Ienfy of hot water; then 
Iranslei’ 1o filter paper and wash until a droj) of 
th(‘ jiltiMte aci<lifi(‘(l with sul])huri(‘ ac'id do(‘s 
not det'olourise watca- faintly tintcHl with pt^r- 
inanganate. About 7fK) e.e. of wash watei* will 
1)(‘ r('(piired ; with ])raeti(*e, always using tlu' same 
(iuajitity of reagents, one can readily gauge th<" 
amount of warm wafer to use. 


Jlemove th(‘ filter from the funnel, open and lay 
against the sides of the* bleaker in wliich [)r(M‘ipi- 
tat ion was made. Wash p])t. from the ])a])er into 
th(‘ beaker. Add *M) c.c. or suflieient oE H,SO,, 
warm, titrate with standard permanganate, of 
whi(^h the strength in terms of (hO is know n. 


Number of c.c. used x factor x 200 Cat). 


(IT)) The permanganate may be standardised 
against pure Iceland spar, or better against a 
stajidard cement, the lime in wdiich had been 
carefully estimated by a gravimetric method. 
Pure recrystallised oxalic acid may also be em- 
ployed. 

A convenient strength is obtained by using 

s 
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6 to 7 ‘grams of permanganate per litre; the 
solution should be made some days Ix^fore it will 
b(^ required. 

(134) ANALYSIS OF GYPSUM, PLASTER, 
KEENERS CEMENT, Etc. -All these bodies 
consist of (udeiui]i sulphate in one form or 
anotlier. The necessary estimations in(*lude 
silica r insoluble matt(‘r, alumina and iron oxide, 
lime, magnesia, sul])hiiric aiihydiide, and water. 

( 130 ) Silica and Insoluble. Weigh out into 
a porcelain or platinum dish 1 gram of th(‘ iinely 
])owdered material. Add a little water and rot at 
to ])revent setting. Add 10 c.c. lOl^ lU'l and 
evaporate (airefully to dryness. Take ii]) with 
25 c.c. of lOE H(1 and water. Digest, if neces- 
sary : filter olT through a small filter paper any 
insoluble matter, wash well, dry, ignite, and weigli. 

Weight 100 ^ p(‘r cent, insoluble. 

(130) Make the filtrate up to 50(t c.c. and divide 
into twa) parts of 250 c.c. each. 

Alumina 4 Ferric Qxide, Lime, and Mag- 
nesia. — In one ))ortion estimate FeoO.,, CaO, 

and MgO by the ordinary methods. 

(137) Sulphuric Anhydride. Place the 
other portion of 250 c.c. in a fairly large beaker 
and bring to t he boil ; whilst gently boiling, add 
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20 c.c. of E Ba(L dro]) by dro]>. Allow ppt. to 
settle, filter, wasli, igiute, and weigli. 

Weight of ppL - O oLU x 200 - per cent. SOj. 

Weight of ; 0-583 x 200 - - per cent. L-aSOi. 

(138) Water. --Weigh 0-5 gram of tlie finely 
ground sample into a ])latiniiin enieiblc and lieat 
ill lie- ()V(‘n for one lionr at HKE {\ 

IjOSS in weight : 200 per eenf. moisture at 

100 ^ c. 

(138/>) Ignite the dri(‘d iiiaterial from (138) over 
a bunsen burner or in the iiudlie furnace at a 
temperature of between 35(h' to 400° ('. for lialf 
an hour, allow to cool in desieeator and weigh. 
Re])eat to constant weight. 

Loss in waught . 200 per (^ent. water at- 
400° C. 

(139) ESTIMATION OF CAUSTIC LIME 
(CaO) IN BURNT LIME. - The material 

under examination sliould be samj)]ed, crushed, 
ajid finely })owdered as rapidly as possibl(\ Tlit^ 
original sample should be stored in an air- 
tight reee])tacle, and the portif)n for analysis 
placed in a dry weighing tube, 

(140) Estimation of CaO. — Transfer about 
0-5 gi*am of the finely powdered sample into an 
Erlennieyer ilask containing about 250 c.c. of 
air-free distilled water. Boil gently for five 
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minutes, close tlie flask with a cork bearing a 
soda-lime tube, and allow to cool. When quite 
N 

(a)ld, titrate with HOI, using }dieiiolphtlialein 

as indicator ; allow the flask to imuain some lime 
to see if the pink colouration returns. 

No. of c.c. used x -0028 100 ^ 
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( H AFTER VI. 

THE ANALYSIS AND EXAMINATION OF 
AGGREGATES, CEMENT - SAND 
MIXTURES, CONCRETE, ETC. 

Ai;rn()r(iii not stnclly the Avork of the works- 
(‘iuMuist, it sometimes falls t.o his lot 1o exatuine 
the maf(aMa]s intended for use as aygrega-t(‘s ii) 
eonerete work, or the eojicnde itself. In eon- 
j)e(*tion with the latter work it may at onee bo 
pointed out that it is extretnely didjeiilt to obtain 
even pailially satisfaetory results unless the 
eom].>osition of either the materials forming the 
aggregate or the eemeiit is knoAvn. Such work 
is generally only required in eas(^ of a failure or 
dispute as to tin* ])roj)ortion of cement used, and 
the latter problem is eom|ilieated by the fact that 
the eomponejit ])arts are generally proportioned 
by measure and Jiot by Aveight. 

(J4J) AGGREGATES. — The material consti- 
tuting the aggregate may (consist of gravel, shingle, 
limestone, sandstone, or other natural rocks, 
burnt clay, slag, coke breeze, clijikers, etc., and 
.sajid. 

The testing of sand Avill be dealt aa ith s})ecially. 
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All the other materials should be tested for 
soluble salts, free ” lime, sul])hur, and organic 
matter, the latter two es}Xicially in the case of 
slag, coke breeze, and clinkers. 

The processes of analysis already described 
may be em])loyed. 

TIk' material should also be tested for dust, 
clay, (d(^, as described under sand (14»‘l). 1’be 
size and pro])ortion of material retained on a 
ll-incli, 2-inch, J-iiich, and f-inch mesh sieve may 
also have to be determined. A full analysis will 
nol be generally recpiired except for pur])oses of 
comparison, when a sample of the concrete made 
1 herefrom has also to be examined. Tlie ])i'ocess(‘s 
of analysis employed will xary according to the 
class of material. Hut those desci‘ib(al under 
limestones, clay, slag, etc., will be found generally 
ap]>li(*Mible. 

The suitability or otherwise of a material 
de])ends upon the class of work for which the 
concrete is required. 

(142) For the pur])OS(' of correctly ])roportioning 
the vai’ious liiaterials to be used in making con- 
crete, it is necessary to ascertain the ))ercentage 
of voids in an aggregate. This may be carried 
out in the laboratory as follows : — Take a gradu- 
ated vessel, as large as possible, say 1,000 c.c., 
and lill u]) to the mark with the material to be 
tested, shaking down Avell, then from another 
graduated vessel pour in water also up to the 
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mark. The volume of v\'ater divided by 10 will 
give the j)erceutage of voids in the material. If 
the uialerial is at all absorbent it should be 
])r(‘viously saturat(‘d with water. 

'Ui)) SAND. All materials, and especially 
saiid, sliMiild be tested for soluble salts, clay, and 
Onr process may be inade to suhi(^e. Weigh 
up as large a quantity ot the well-mix(d and dry 
material as c,in be conveniently handled, say 
500 grains. Shake up with suhieient distilled 
water, ])reterably in a wide-mouthed glass jar 
or })otll<% and allow to stand. The heavier 
material will ({uickly scdtle whilst any clay or dust 
will remain in sus]>ension, sometimes for hours. 

In the absence of clay or dust, decant/ a- portion 
of 1h(' supernatant liquid, test n^action towards 
litmus, and then (‘vaporate to dryncvss to test for 
pi‘(‘sene(' of soluble salts. If (uvlinary tap water 
is used th(^ (‘.ontent of total solids must be 
a s( ^e i*t a i n ed pro v i o i isly . 

In the ])resence of clay or dust it will be neces- 
sary to inter. 

The miture of the clay or dust may be as(ter- 
tained by again agitating the liquid and ]) 0 uring 
off a ])ortion whilst the lighter particles are still 
in suspension. Eva])orate to dryness and analyse 
as under clay (19). A mechanic^al analysis of the 
sand may be performed as under (IS). 

The presence of clay renders a material quite 
unfit for concrete constructional purposes. 
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(144) The Examination of Concrete. The 
oxiinii)ii»tio)i of a sainplf' of .set concrete entails 
the eiiiployinent of both j)ieehaMi(‘al and eheini(<il 
])r(>(‘esses. 

A lai-KC sample, at least l.O(M) grams, should he 
broken ii]) earefidly with an iron i)estle and 
mort.ar, avoiding as far as po.ssible any disinte- 
gration of tlie larger portions forming the aggre- 
gate. Separat.e the latter by hand or by passing 
through a sieve, and then rcmiove as eomiiletely 
as possible by serai.ing with a knih-, and stitl 
brush any adherent cement and sand. I he juo- 
portion of the larger nodules may be rougldy 
aseertained by weighing. 

With some materials it may be imimssible to 
perform a meehanieal separation, in which ease 
the whole of the samjile should be crushed and 
pocN-dejed, if necessary, in a nu'chanieal crusher 
and mill, and a elumiical analysis entirely I'elusl 
upon. In any ease, powder the portion consisting 
of cement and sand to ])a,ss a lOO-mesh sieve, and 
reserve for analy.sis. Remove any particles of 
iron or steel which may have become detached 
from th(' mortar or mill by means of a magnet and 
ignore, in the case of ferro-concrete, a ^xirtiou 
of the reinforcement may be embedded in th( 
imiss ; this should be removed before weighing 
out the. sample. 

The sam]>lc may then be analysed, first, ai 
follows -.—Soluble salts (186), silica and iiisolubh 
(117) and (127), alumina and ferric oxide (118) 
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lime (119) and maon(\'<ia (119), loss oil igiiitioji 

(1‘10). 

If tlie aggregate is known to (‘onsisl of sand or 
gravel entirely insoinhle in lOE H(^l and .‘IE NajLO., 
as ns(Ml in thr nu'tliods of analysis desiaibed, the 
]varen1air(‘ so iound may be staled as aggre- 
g;itr If an\ of the known aggr(‘gate has Ix^en 
reinoxed ly meehanieal iiK^ans this mnsl bo 
allowed loi', and the original a])])roxima1(' com- 
position obtained by calculation. In this casi^ 
the soluble' silica, alumina, and fei’i’ic o\id(\ lime 
and magiK'sia will constitute approximately to 
th(' eaunent used. Th(‘ loss on ignition will inehuh' 
th(‘ original ” loss on ignition ' of the cement, 
which may b(‘ ignored, water of hydration, carbon 
dioxide', and organic matter. Should there be any 
indications that the latte'r includes coal dust, 
eok(‘ dust, oil, tar, etea, a special method, such as 
extraction with ether, benzene', alcohol, etc., ^vill b(' 
rendered necessary, also a micrOvSeo])ic examination. 

In the eas(' of a “ failure/’ it will be very neces- 
sary to carry out an exhaustive qualitative 
analysis, and also from the quantitative analysis 
to calculate as far as possible the oilginal com- 
position of the cement used. From the results of 
an analysis it may be possible together witli the 
data given as to average specitic gravity or weight 
per unit volume of the materials used to calcu- 
late the parts by volume taken and thus to ascer- 
tain whether the concrete was made in accordance 
with the s]iecilication. 
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When the aggregate contains a material .soluble 
in the reagents ti.sed, such as limestone, unless it 
can be sati.siaetorily sc])a.ratccl by mechanical 
means, the problem become.s considei'ably com- 
[)licated, and in tact, unless the comjmsition of 
l)oth aggregate and cement are known, practic- 
ally iinsolvablc with any degrea* of acciiracv. 

I he aim oi the cenu'iit woi’ks I'hcmist ('iigagcd 
U])on such work should be to ])t'ovc as far as 
po,ssil)le thai the fault does not lie with the 
cement used. To this end it will be useful. ])er- 
haps, to estimate the sidphuric anhydridi'. and 
niagnesia, although the prcsc'uce of these in the 
aggregate may i-euder the data ust'less. 

In calctdating the composition ot a concrete 
mixture by volume from per emit, by weight, the 
following data will be found useful : - I cubic foot 
of coarse gravel weighs about !>.') lbs.. 1 cubic fool 
of sand about 1(X) to lOb lbs.. I cubic foot of 
cement weighs about !K) lbs. Thus a 4-2-1 mixture 
by volume of grave I -sand -cement would analyse 
bO to .">7 per cent, gravel, ;}() per cent, sand, 13 to 
14 ])er cent, cement. 
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NOTES ON CEMENT TESTING. 

For the ])ur|)oses of tlio llriiish Standard S])eci- 
tica\(:ion it is la'ccssary to carry out the following 
tesis ; - 

{(() Fineness, (h) specific gravity, (c) chemical 
composition. {(I) tensile strenglli (neat cement), 
tensile strengtli (cement and .-and), (I) setting 
lime, (f/) soundness. 

With i*(dVrence to (n), (<l), (c), and (f/), certain 
inslruclions are given in tlu' speciHcation for the 
carrying out of tlu^se tests. The following hints, 
largely supplied by aji expert gauger, are 
only intended to amplify the otlieial instruc- 
tions, and in the ease of (h) and {(j) and the 
non-ohic'ial tests to act as a guide for the less 
exp(‘rienced. 

{(() OS's.— Weigh out 100 grams of cement, 

free from air-set lumps, sieve as per ollicial in- 
structions, brush residue on to a fared vvatcli-glass 
and weigh. 

A linen-counter will be found useful for 
checking and examining the meslies of the 
sieves. 

(h) Specific Oraviijj (Blount’s Hask). — Weigh out 
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50 grams of cejoeot., ])laoe on a slieet of glazed 
paper, iiote temperature and measure out 50 e.c. 
of “ paraffin oil/’ vvliieh has Ix'en ke])t over fused 
ealeium chloride, carefully run into the ])erfeetly 
dry flask by ineans of a pipett e. Si and th(‘ llask 
oji aiK)ther ])iec<^ of glazed pa])er and carefully, 
traiisfer the weighed cement, by means of a shorl- 
st(‘mmed funnel into tlie tiask. This should ht^ 
done gi‘adually, the l)o1tle being rotated and lightly 
ra])ped on th(‘ ])ench to disengage air-bubbles, 
bet\\(‘en each addition of cement. An\ Mop])age 
in th(^ neck of (lask or funned should b(‘ removed 
by means of a clean, stout knitting needle or ollua* 
suitable instrument. 

Wlien all the c‘ement has been transtcricd to 
tlie bottle, rcjnove the fimnel, replace’ stoppea*, ajid 
agitate contents as long as air bubbles arise. 
Allou' to stand for a short thne and read oif ^ olume 
of oil displaceal on neck of flask. 

Tlten 


Spc’citic gravity 


50 

c.c. displaced 


It is important that the temperature should 
not alter during the caiTying out of the operation ; 
if so the flask must be brought to the original 
temperature by standing in water. 

With tlie Anderson bottle, 150 grams of cement 
and 200 c.c. of oil arc used, the neck of the bottle 
being larger, it is somewhat more easily filled and 
the air removed than in the case of the smaller 
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(Hloiiiit) Husk. Tn clcnn flask, shake out contents 
as c(uii])letcly as possible, removing any remaining 
trares witli oil : if allowed to settle^ the oil may be 
us(‘(l repeal ediy. 

hi the a])seiie(‘ oi a cement gravity llask, (lie 
sp^M i{i<' gra\ it \ may h(‘ d(*termine(l })y using an 
o!'({i;;.iry p\ nknojueter or s])ecilie gravity bf>ttle. 
al>l\ ilJi a wide lunh. 

As(‘(M‘lain I lie sp(H‘ilie gravity of the oil in the 
usual way (se(‘ (>9). Introduce a weighed portion 
of the cement into th(‘ empty l)()tlle, till vith the 
oil and w(Mgh. The s])eeitic gravity of the 
cement may then b(‘ calculated from the 
foianiila 

Sjtecilic gravil.y ■ L. 

W' ^ weiglit of cemejit in air, W, v eight of 
cement in oil, and \j specific gravity of the oil 
at tJie same tem})t‘ratur(\ 

(c) Clianicnl The reijiiirements ol 

the s])eeitieation have already been referi*ed to 
(see ( ha]). V.). 

{d) and (c) Tensile Sfrcn/jlli. — JhTore attempting 
to gauge the cement for either tensile or eom- 
])ression tests, the initial setting time ” (/) 
should be determined, at or ntair the temperatuie 
at time of gauging, if quick setting, each briipiette 
should be gauged sej^iarately ; if slow setting, the 
cement for three or more moulds may be gauged 
at one operation. 
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For each neat briquette weigh up 200 grams of 
eemeiit. For each sand briquette 

150 grams of cemeiit. 

50 „ stajidard sand. 

Tlie ])roper ])ro])ortion of water to be used may 
be ascertained l)y trial. 

(/) Sefting Time.— In order to ascertain the 
corrcH-t ])rojmrtion of water to use, A\eigb ii)) 
400 grams of ('emejit and gauge with SO v.e. of 
Avater, adding successive quantities of 10 c.c. 
until the ])at is of correid consistency. Discard 
this ex})erimental test piec(‘, or at any rate, rcj)eat 
using (correct quantity of water, and coniph^te 
the gauging well within the limit of time of initial 
set. 

For works’ puiposes tlu'. setting time may be 
ascertained upon a ])at ol‘ tlu^ neat cement, using 
the (Jilmore needle or the thumb nail. Attention 
should be ])aid to the temperature and atmo- 
s])heric conditions during the test. 

{(/) The official test for soundness is by t he Le 
Chatelier inethod; full instnudions for carrying 
out will be found in the standard specification. 

For contract and works purposes the following 
qualitative tests will be found very useful : - 

(Jauge up sufficient neat cement- Avith the correct 
proportion of water to make eight pats on ])ieces 
of clean glass. 

(1) Plunge Ted . — Place two pats as soon as 
gauged in clean cold water. These should set 
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hard and show no signs of cracking or disinte- 
gration. 

(2) Fai}(t Ti'sl. I^lac(‘ two of the freshly gauged 
pats in the moist steam at 100' - iOo F., 

pr(‘ferably in t]i(‘ hath especially constructed for 
this 1(‘st, uiUil Ihoroiighly set. Then immerse in 
the \vat(‘r l<ej>( at Ilo' to 120 ’ E. for the remaijider 
oi tie' twehi v-foin* hours. 

The pal --luuild not leave tlu' glass oj* show any 
sign of (‘lacking (.a- l)l(nving. 

(2) Allow ilu‘ r(*maining pats to set in air, and 
wlum s(‘t, pla(‘(‘ two in cold water, and bring to 
the boil gradually and k(^e]) ])oiling for six hours. 
This is ratlica* a siwau'e test, fiut the pats should 
not, show any signs of cracking, evem if tluw h^ave 
th(‘ glass. 'Idu' other tw'o ]>ats are kej)t for infer- 
ence purposes and for colour and geiuu'al appear- 
anen, 

(^Dupression. T(Mx , — The c.onpu'essioir test, aU 
though not yet officially adopted, is b(‘ing laigidy 
used on the [wincipal works, and by important 
private lirms and public bodit^s. 

Owing to the larger quantity requiical for tilling 
the cubical moulds, sjiecaal attention should be 
given to the gauging and to the careful mixing 
of the sand and cement. 

For each neat cube (2^ inches) take 800 grams 
of cement. For each sand cube (2'j^ inehes) take 
750 grams of eement and 250 grams of standard 
.sand. 
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USEFUJ. DATA FOE TES1MX(; HOOM. 

To coiivrrf — 

Lf)s. ])er sq. ijic-li into kilos pei* s(]. ctMiliniolre 

l)y -BTOB 

Kilos ])or sq. ocMili metre into lbs. ]>(‘r sq. ineli 

by 14-22:5 

]\Jesli per s(j. eentimetre into mesh pen* s(j. iiu^h 

by b-4r> 

Alesli per s(|. inch into mesh per s(j. eenlinK'tre 

f)y Jbr) 

(h'ams into p‘ains i)y Ib-4:52:)r) 

(drains into grams by -OIUS 

])egr(‘es (Vntigrade into ch'gree.s Eahrenheit (E. ) 

and ad<l :>2. 
o 

■J)egrees Fahrenheit ijito degn'es (Vnligradc^ ((\) 

subtract :52 and l)y 
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APPENDIX. 

EXAMPLES OF CALCULATIONS 
OCCURRING DURING ANALYSIS. 

(lA) Clay Analysis. — Conversion of insoluble 
into felspa.r (21), 

Found. liisfd. 12-88 ])er cent, containing 
1*71 ])er cent, Al./)., : 

tlien 1'71 X 3-5 - 5-98 ])ev (;ent. SiOs 
1-71 0 9 - 1-54 „ K,() 

: A1 A found F7] 

9*23 


12*88 - 9*23 -- 3*65 per cent, of quartz. 


Ivcport as follows : 


Insoluble matter 12*88 


iSiO., 

AI2O3 

K.0 

Quartz 


- 5*981 

1*71 felspar. 

- 1*54! 

- 3 65 


12*88 


(2a) To ascertain proportions of limestone and 
shale to obtain desired mixture. 
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U I h'liiafe Anah/NiN. 



Ijimestoiie. 

Shale. 

SiO^ 

,7-90 

49-74 

Alt), 

= 2-00 

17-98 

!<>,(), 

0-90 

8-00 

CaO 

- 49-38 

9-08 

.MgO 

= 1-12 

4-03 

Loss on ignition 40*12 

10-04 

Alkalies and loss 0*52 

3-13 


100-00 

HKKIO 





tiimo-stono. 


SiUo 

r)-9(> ' U-S 

iO-OSS 

AL(4, 

-2-(»0xl-l 

2 2(H> 



1 8-888 • 


Shale. 


SiO., 

49-74 2-8 --- 

139-272 

AlaO, 

- 17-98 '/ 1-1 - 

17-778 



177-870 

1 ■■ 49-380 


177-85 

- 18-888* 

- CaO ill shale 9-08 


H - 30-492 


148-77 x 100 
30 49i!— 


148-77 



AI^PEXmX. 


Therefore 100 ])arts of shale should require 
487*9 parts of limestone, or 

IJmestono 4-S parts. 

Shale 1*0 ])arl. 

To produce mixture (*.oiitaiiiijig 75 ])er cent. 
('a( '().( ; sanie materials. 

CaCO in limestone 8S18 ])er cent. 
Percenl. required - 75-00 

Shale required 13- 18 parts. 

P(u* cent, recpiired -- 75-00 
( a(X), in shale 10-21 

Tiniest one required 58-79 parts. 

or Limestone 4-4 parts. 

Shale 1*0 part. 

(4a) Analysis of Slurry (54). 

Example of calculation : 

€a(‘():j " 75*2 per cent. ^ VO. 33 08 per cent. (B). 
Loss on ignition ^ 33*80 per cent. (A). 

Then 33*80 
-33*08 

- 0*72 loss due to organic matter (('). 
and 100 - 0*72 99*28 (D). 

75*74 calculated CaCO.j. 

Ut/* *»o 
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(5a) (Calculated CaO (55). 

Lime ia residue after ignition -- 42-4 per cent. 

Loss on ignition ,, 

42-4 xlOO . I I . ww. - r 1 

100~~ S ~ eent. calculated ( aO in clinker. 


(6a) Directions for making up E Solutions. 

Hydrochloric acid (sp. gr. 1*16) - 10 K HtL 

„ ( J*08) 5KH(1 

„ 200 e.c. of 5 li HCl 

diluted to 1 litre ^Vj 11(1. 

Nitric acid (sp. gr. 1*42) - 16 E HXO.i. 

( „ M6) ^5EHNO,. 

„ 200 c.c. of 5 E HNO. 

diluted one litre ^E 11X0^. 
Sulphuric acid (sp. gr. 1 842) -56 E H28O4. 

Acetic acid (glacial) 17 E (IH.iOo. 

„ 294 c.c. 17 E diluted 

to 1 litre ‘ 5 E CaHjO.- 

Oxalic acid 94*5 grains dissolved 
and diluted to make 

1 litre ---;|e('.>Ho 04. 

Ammonium hydrate (-880) 20 E NH4OH. 

„ ,, ecpial volumes 

of 20 E and 

distilled water 10 E NH4OH. 
, , oxalate 42*6 grams dis- 

solved and diluted 

to 1 litre =- f. E(NH,)2C,04. 

o 



APPENDIX. 


135 


Ammonium carbonate 196*7 grams 
dissolved in 393*9 
c.c. of 5 E NH 4 OH 
and diluted to litre =5 E Ani.lJOa* 
Sodium hydrate 200 grams dis- 
solved to make 1 litre 5 E NaOH. 
(arbouate 429 grains of 

(‘rystalsto make I litre ^3 E NaoCO.}. 

,, hydrogen ])hosphate 119'3 

grams of crystals dis- 

2 

solved to make 1 litrt‘ ^ 7 ^ E NaoHPOi. 

„ sul]>hite 252 grams of 

crystals to make 1 litre = 4 E XaoSO-. 

„ ac(‘tate 544 grams of 

crystals to make 1 litre - 4 ENa(lHAJ 2 ‘ 
Potassium hydrate 280 grams to 

make 1 litre 5 E KOH. 

„ iodide 166 grams to 

make 1 litre EKI. 

„ chromate 97*25 grams 

to make i litre E IvC'rOi. 

„ ferrocyanide 105*5 

grams to make 1 litre ^ E K 4 he( 

,, ferricyanide 109*7 

grams to make 1 litre E Kyte( v,N,> 
„ siilphocyaiiidc 97 grains 

to make 1 litre = E KONS. 
Bromine water — water at IS-S” C. 

E 

saturated with Br - Br water. 
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Eariuni (chloride J22 grains dis- 
solved to make 1 litn^ E BaC.E. 

Silver nitrate 170 grams dissolved 

to make 1 litre E AgNOj. 
,, 34 grams dissolved 

1 ^: 

to make 1 litre ^ „ 


Mercuric chloride 24-2 grams dis- 
solved to make 1 litre 

Vojiper sui])hate 124-75 grains of 
crystals to make 1 litre 
Platinic chloride 40-3 grams of Pt 
(converted into rt(4i <^ik 1 
diluted to 1 litre 

Magnesia mixture 08 grams 
MgClaOHaO in about 500 c.e. 
H 2 O, add ]()5 grams AmCl, 
300 c.c. 5E NE,OH and dilute 

to 1 litre 


HgC 


E CuSth. 


E Pt(%. 


i E magnesia 
^ mixture. 


Ammonium molydate. — Dissoh^e 00 grams in 
700 c.c. of water, allow to settle and decant ; 
dilute to I litre. 


Fusion mixture — 

]06 grams of dry NaoCO^ 
138 „ „ K,VO, 

Well mixed and ground together. 
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Mixture for Huiideshn^eirs method (63) for sulphur 
ill fuels — 

MgO 2 pulls by weight. 

KJ 'Oj i ])art „ 

Dried and ground together. 

<'np])er siiljiliate jmmiee for absorjition (14) of 
H(1 lU) 

Soak some ])ie(*es of pumiee stone free from dust 
in a saturated solution of copper sul])hate. 
When Ihoroughly saturated, dry and ignite 
until white. Store in a well -stoppered bottle. 


PREPARATION OF STANDARD 
SOLUTIONS. 

(7a) Normal Sodium Carbonate, N.Naot’O^. 

Dissolve exactly o3 grams of Na.AXb (pre])ared 
by igniting bicarbonate) in distilled water and 
make up to 1,000 e.c. 

1 e.c. -053 gram Nau,(4);i 

^^•022 „ (Xi 

(8a) Deci-normal Na2(4)3 Na 2 C 03 . 

Dissolve 5-3 grams in 1,000 e.c. of distilled 
water. 

1 e.c. =- 0053 gram NugCOs. 

(9a) Normal Sulphuric Acid, N.HoSO.,. 

Dilute about 30 c.c. of cone. D2SO4 (sp. gr. 1-840) 
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to 1 litre. Add the acid to lesn than 1,000 c.c. of 
water, and when cool, titrate* against N.Na.,CO;{, 
using methyl orange as indicator. Then measure 
the solution and dilute to correct volume. 

1 e.e. 040 gram H.>S(),. 


(10a) Doci-normal Sulphuric Acid H^SOj. 

I>ilul(‘ 100 e.e. of normal H.SO, to 1,000 c.c. and 

N 

slandardise'against Na2CO.i. 

1 e.e. *0040 mam H.,SO,. 


(11 A) Normal Hydrochloric Acid. N.HCl. 
Dilute 150 e.e. of pure HCl (hp. gr. MO) to 
1,00() C.C., titrate with N.Na2<HI and correct 
accordingly. 

1 c.c. -- -0305 gram HCl. 


(12a) Doci-normal H(’l H(T 

Dilute 100 e.e. of N.HCl to 1,000 c.c. with dis- 
tilled V ater, 

1 e.e. 00305 gram H(1 

(13a) Normal Sodium Hydrate. N.NaOH. 

Dissolve about 44 grams of stick NaOH, free 
from carbonate, in about 1,000 e.e. of distilled 
water. Titrate, when cool, against normal H2SO4 
and dilute accordingly ; use methyl orange or 
phenolplithalcin as indicator, 

1 c.c. = 040 gram XaOH. 
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(14a) Deci-nornaal NaOH. 

Dilute 100 c.c. N.NaOH to 1,000 c.c. with 
distilled water. 

1 c.e. - 0040 gram NaOH. 

(15 \) Normal Potassium Hydrate. N.KOH. 

Dissolve 50 grams in less than 1,000 e.c. of 
water, titr i1e against N.H.SOj, and dilute accord- 
ingly. 15)1' alcoholic KOH use 00 per cent, 
alcohol. 

1 c.c. - 050 gram KOH. 

N 

(10a) Doci-uormal KOH. KOH. 

Dilute 100 c.c. of normal KOH to 1,000 c.c. 
and standardise. 

1 c.c. 0050 gram KOH. 

( 17 \) Deci-normal Potassium Perman- 

N 

ganate. K^MhoOh. 

Dissolve .‘M50 grams of pol-assium jiermanganate 
in distilled water and dilute to 1,000 c.c. Titrate 
with pure iron wire, ferrous ammonium sulphate, 
or oxalic acid. 

1 c.c. K.lVInaOs - 0050 gram Ee. 

^ 0072 „ EeO. 

_ *0080 „ Fe^Os. 

(ISa) Deci-normal Potassium Bichromate. 
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Dissolve 4-913 grams of fused crystals in water 
aud make up to 1,000 e.c. 

1 c.c. -0050 gram Fe. 

This solution re([uires standardisalioii after a 
time. Use potassium ferric, yanide on a spotting 
tile as indicator. 

(19a) Dcci - normal Silver Nitrate. 

IJASNO,.., 

Dissolve 1()-99S grams in distilled watfT and 
make u]) to 1,000 c.c. 

1 c.c. •003r)4t) gram (.,T. 

(20a) Standard Iodine S'olution. 

/////>/.— 25 grams iodim^. in 500 (*.c. of ahohol, 
25 grams of mercuric chloride in 500 c.(*. 
of alcohol. Use e(pial parts. 

HmiKs . — 13 grams of iodine in 1 litre of glacial 
acetic acid. Then add 3 c.c. of bromine. 

INDICATORS, 

(21a) Litmufi No/y/Zio/i.- Digest the solid with 
distilled vater for several hours. Decant or 
filter, render neutral by means of acetic acid or 
ammonia. Store in a bottle with access of air. 

Methyl Dissolve about 1 gram of the 

isolid in distilled water and make up to 1,000 c.c. 

Plmiol'phthikin , — Dissolve a little of the solid 
in alcohol and dilute with alcohol and w ater. 
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(22a) table of atomic WEIGHTS OF PRIN== 
CIPAL ELEMENTS OCCURRING IN CEMENT 
WORKS ANALYSIS. 


Ahunininm A1 

27- 10 Nitrogen 

N 

14-01 

Ibirinm 

Ba 

I.‘>7'o7 ()xyg(‘n 

0 

i0-0(> 

(ahanm (a 

40-07 I Phosphoi’ 

us !> 

41-04 

( ‘;iri)on 

(' 

12-0() Idatinimi 

Pt 

195-2 

(Tlt.rihr i 1 

:{5-4(> i^otassium K 

49-10 


( u 

(>.‘*•57 Silicon 

Si 

28 -.40 

H ydro!i 

en H 

l-OOS : Silver 

Ag 

107-88 

Iron 

Vc 

r)r>-s4 Sodium 

Na 

24-0 

lodiiH' 


l2<»-02 Snl])hur 

s 

42-07 

.VIagn('^ 

imn Alg 

24-:i2 Titanium 

1’i 

48-10 

ManiiancM- Ain 

7)4 0:1 



(2:'..v) 

FACTORS 

FOR USE IN ANALYSIS. 



Itcquiied. 

Know u. 

Factor, 



PaO 

CaSO, 

0-41200 



( aO 

('a(^(). 

0- 500.40 



t^aCO, 

PaO 

1 -77847 



V 

(*(), 

0-27272 




bVA).> 

0-()0940 



KeA), 

Fe‘ 

1-42979 



H,S(), 

PaS(),j 

0-42040 



S 


0-14744 





0-44410 



PaSth^ 

1 5 

0-58440 



KV\ 

KTTCl., 

0-40074 



KA) 

KJTtI, 

0-1947(i 



KA) 

KPl 

0-04170 



NaA) 

Na('l 

0-5.4027 



Algb 

AIg\,PA >7 

0-40200 



AInO 

ATnA)4 

0-9400() 




MgdVJ7 

0-04794 



Tables (2:2a) and (2^U) have Ixicn eoin[)iled from the 
Table of International Atomic Weights (19l(>). 
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(24a) lime in cement (119). 

CKINU 0.') GKAM OK CKMENT. 


Milligrams 

Per cent. 

Milligrams 

Per cent. 

Milligrams 

Per cent. 

in 

CaSOj. 

1' Casi),. 

Ii 

OaO. 

1 in 

' CaSO,. 

CaO. 


57 • 1 8 

720 

.59*82 

758 

02*45 

(m ^ 

57*20 

727 

59*90 

759 

02*54 

(iDii : 

57*35 

728 

59*97 

700 

(12*02 

(>97 

57*43 

729 

00*00 

701 

02*70 

(i9S : 

57*51 

730 

00*15 

702 

02 *78 

(199 

57*59 

731 

00*23 

703 

02*87 

700 

57*08 

732 

00*31 

704 

02*95 

70i 1 

57*77 

733 

00 .39 

705 

(>3*03 

702 ; 

57*84 

734 

00*48 

700 

03* 11 

7o:i 

57*92 

7.35 

00*50 

707 

()3*20* 

704 1 

58-00 

730 

00*04 

708 : 

03*28 

705 

58*09 

737 

00*72 

709 

03*30 

700 : 

58*17 

' 738 

oo*s t 

770 

03*44 

707 

58*25 

739 

(;o*89 

771 

(‘)3 *53 

708 ' 

58*34 

740 

00*97 

772 

o;;*oi 

709 : 

58*42 

741 

01*05 

773 

03*09 

710 ! 

58*50 

742 

01*14 

! 774 

03 ’77 

711 

58*58 

743 

01*22 

775 

03*80 

712 

58*00 1 

744 

01 *30 

i 770 

03*94 

71.3 

58*75 ; 

: 745 

01*38 

777 

04*02 

714 

58*83 ! 

! 740 

01*47 

j 778 

04*10 

715 

58*91 i 

i 747 

01 *55 

' 779 

04*18 

710 

58*99 1 

i 748 ■ 

01*03 

' 780 

()4*27 

717 

59*08 1 

; 749 

01*71 

"81 

04*35 

718 

59*10 j 

1 7 50 

01*80 

. 782 

04*43 

719 

59*24 . 

i 751 

01*88 

783 

04*51 

720 

59*32 i 

1 752 ■ 

01*90 

,! 784 

(i4*0 

721 

59*41 1 

1 753 

02*04 

! 785 

04*08 

722 

59*49 i 

754 

02*12 

i 780 

04*70 

723 

59*57 1 

7 55 ; 

02*21 

1 787 

04*84 

724 

59*05 

750 ^ 

02*29 

l! 788 

04*93 

725 

59*74 

757 

02*37 

1! 789 

05*01 
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(25a) table for estimation of MgO IN 
CEMENT (12G). 

USING 0-5 GUAM OF UKMENT. 


WUL'lil ot 

Muo 

\V< mill 

M-O 1 

Weiuhi of 

M-(1 


j(cr 

MujI'-O?. 

jH*r rout ' 


pri cuul 

( 1 1 .Ull 


(■run 

' 

(iiaiu. 


•UU80 

0-57 I 

•0105 

1-41 

•0310 

2-24 

•oosr) 


•0200 

lu : 

•o;:i5 

2-28 


0-05 I 

•0205 

148 ' 

•0320 

2-3] 

•ouiir) 

0-08 ' 

•0210 

1 52 

•0325 

235 

•()]oo 

0-72 , 

•o2!5 

1-55 


2:!8 

•OlOo 

o-7() , 

•0220 

J -50 

■o3i)5 

2-42 

•ollu 

0-70 

•0225 

1-02 

•1)310 

2-40 

•0115 

0-S3 i 

•0230 

i-dG 

•0315 

2-40 

•0120 

0-8(> 

•0235 

1-70 : 

•0350 

2-53 

•0125 

0-00 

•021.0 

173 

•0355 

257 

•0i;30 

0-04 

•0215 

1‘77 1 

•03()<i 

1 2 1)0 

•0135 

0-117 : 

•0250 

181 j 

*0305 

1 2'G4 

■0140 

1*01 

•0255 

1 -84 

•0370 

i 2’(;7 

•0145 

l-Ol- 

•()200 

1 88 1 

•1)375 

2-71 

•0150 

J -08 

•0205 

101 1 

•1)380 

2-75 

•0155 

1 M2 

•0270 

105 ! 

•l)3^'''5 

2-78 

•0160 

j 1-15 

•0275 

109 1 

•0300 

2-82 

'0105 

I-IO 

•0280 

202 1 

•0305 

' 2'86 

•0170 

1*23 

•0285 

206 

•0 101.) 

2 89 

•0175 

1-20 

•0200 

209 

•011)5 

2-03 

■0180 

1-30 

•0205 

213 

•Olio 

1 2-96 

•0185 

1-33 

•0300 

217 

•01.15 

j 3-00 

•0100 

1 

1-37 

•0305 

2-20 

j 

•0421) 

1 3*04 
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(JOa) table for estimation of so, in 

CEMENT 

ESli\G O f) GICVM OF CEAIKNT. 


riL;ht (il 

M), )KT 

<‘:iS<>4 |H"r 

[ Wdiihl ot 

p<‘r 

ptM- 


(cnr. 

i 

••(•'If 


(•(Mil 

(•(MU 

•OKU) 

0-(i.s 

^ l-IO 

*0205 

1*40 

2 30 

•0105 

(»-72 

1-22 

•021(1 

1-44 

2-45 

•olio 

()-75 

1 -2^ 

•0215 

l'47 : 

2 51 

uiLi;) 

07<S 

l-Ol 

‘0220 

1 50 

2 57 

•0120 

0 S2 

! Mu 

•0225 

1 54 : 

2(;3 

•ol2r) 

' o-oo 

K40 

•0220 

I -57 ; 

2-(i,S 

•0100 

j o-so 

1 1-52 

m)2-;5 

101 

2 74 

•0100 

0 02 

1-57 

•02 10 

104 

2-SO 

•0 1 1 

O'OO 

l*(iO 

•0215 

i-os ! 

2 '80 

•01 15 

0 00 

J -GO 

•0250 

1-71 1 

2 ‘02 

•0150 

102 

1 *75 

•0255 

174 . 

2 08 

*( ) 1 55 

1 OO 

; 1-81 1 

•02()i( ' 

1-78 : 

3'03 

•OUiO 

loo 

' J-87 

•0265 , 

1.S1 ; 

300 

•0105 

MO 

i KOO 

! -0270 ; 

K85 i 

315 

•0170 

; M() 

: 1-08 

•0275 ' 

1*88 ' 

3 20 

•0175 , 

; 1 -20 

2-0‘l 

•02, SO 

1-92 ; 

3-20 

•OKsO 1 

i K20 

2-10 

•0285 ' 

1*05 1 

3 32 

•0I>S5 i 

i l-2() 

2*k; 

•0200 

1-00 : 

338 

*0100 1 

100 1 

2*22 

•0205 

2-02 i 

:V44 

•Oll)5 i 

1-00 

2*28 

•0300 

j 2-05 i 

3 50 

•0200 

1*07 

2-30 

: 1 

i__ J 




(27a) tables for use WITH SLATER S CALCIMETER. 
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^'X'r>xOTficqooo?OTftCNia5I>. 
CCfNO^C^OJ'MfM-^rHt-HrHi-Hr-HOOOOCyiOS 
CO CO CO. CO CO *£> CD CD O CO CO CO CD CO CD CO I O S) 


;:X ^ CM O IV -r fM Gi IV 

W . .V -J 'C'l 04 '71 <M 1— 1 T— I r-i t— I rH r—i O O O' c?i G5 

I V. I ^ I ^ I ^ L-- I ^ I >. ! >- I ^ L'- 1 ^ 1 ^ jLn, I >, i>. jN. C£j 




h. 


1 O- O < '71 

-, 

jO 

CO 

-4- 

Cl 


X 

CO 


X 

it C4 05 CO 




S 



1 1 

Cl C4 

Cl 

CM 

r-H 

r— ^ 

r 

o 






OX' X x 

X 

X 

■XJ 

X 

/„ 

X 

X 

X 

Tj X 

X 

X X lv !>. 


a 

C P, bli 


— /o iC 

9 

*3 i b 

to 

lb 

X 

lO 

x 

p 

It 

9 *9 
3 9' 

9 

it p it p 

9 CM C? X 



5 0 


7 1 ^ 1 7 1 Cl 

tl 

tl 

Cl 

Cl 

Cl Cl 

Cl 

ci 

X CO 

X 

X X C't X 



g 



it 

to 

Cl 


. 

1 V 



Cl r-i 


X CD -n CM 





*0 it it It 

1-t 

It 

It 

It 

— H 




-f ^ 

X 

X X X X 

j 


OV 


■' ~ ' '^' 

'*■ 

CO 


CO 

■''' 

CO 

CO 

CO 

CO CD 

X 

X X X CO 

=: 


















ft 




tl 

rH 

05 

1 V 

if7 

7t 


O. 1 V 

it 

X r-H 05 IV 





1 - -o ’O CO 

CO 

CO 

CO 

It 

it 

»t 

It 

it 

^ ri* 

X Ct 

a 


1 

V 

1 1 '• I 1 .» 

1 

1 

I’- 

1 ■* 

1 V 

1 v 

1 V 

lv 

lv lv 

lv 

t V LV Lv 1 v 



do 














c 


i- 

















w 

F*" 1 i ^ 

cc 

— 1 

o- 

tv 

it 

CO 

o 

X 

■CO ^ 

cq 

'O' 00 it CM 

*2" 


< 7 


I'/j !>- 1 - 1 - 

1-- 

1^ 

■CO 

■CO 

w 

CO 

CD 

»o 

it it 

it 

»t •rr -r 

i ^ 


i> 


X) Jj ■/ ~r. 

X 

fj 

x 

'X 

X 

yj 

X 

X 

rfj X 

X 

X X X X 


ft 

E . 


lO O It 'O 

it 

G- 

•t 

9 

It 

o 

o 


It o 

»t 

■p It p> It 

1 


O g :j. 


ib O CD 

CO 

1 ^ 


X 

X 

05 

05 

c 

O' ' 

-H 

CM cq X X 

!._ 

H 

E- 


r— ( r— ( — - r — 1 



t~i 

r~1 

r— 1 

t—l 

' ' 

tM 

Cl Cl 

C-l 

Cl cq cq CM 

! r 



^ i 













S 


c 

s 1 

1 Cl o X 'O 

jC 

70 

tl 

O' 

o. 

1 V 

CO 


CM r-^ 

c. 

'X CO 'CM 

2 


o 7 

u 

! o 'X X 

X' 

X 

X 

X 

w 

i V 

1 V 

1 v 

tv lv 

X 

X X X CD 

.2f 


1 ft 

5 

ft 

j CO O CO CO 

o 

CO 

CO 


V*#. 

CO 


CD 

CO CO 

•o 

^o X 'O "vO 

a 


r 

1 

1 
















tv It CO -- 

Oi 1- 

it 

-+< Cl 

O X I V 

It X 


05 lv. it X 

ft 


O ^ 

? 

1 o O O O' 

Oj O 

C5 

CTrf 

05 05 

CJO X X X 

■X tv lv Lv tv 1 

£ 


^i' 

S 

X CC X X I'- 

« 

Iv 

1- 

tv Lv 

|v 

lv 

lv tv 

pv Iv Cv tv rv 1 

1 

C/J 


i ^ 














O 


















% 














.a 



w 

Cs! CO X CO 

70 

t-H 

■05 

tv 

it 

ct 


05 

CO X CM O X CO X 

04 


<g 

a 

(7^ 04 rH #-l 


1—1 

O O O O O 05 05 05 

'05 

05 X X X 

v 




Cv C"'* C'*' 

a> 05 a> OS 05 O'- X X X 

X' 

X X X X j 
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iV'o^«. — This Table should only be taken a guKle when standardising a new instrument# 
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(28a) table for use WITH SLATER’S 
CALCIMETER. 


ESTIMATION OF OaCO, IN LIMESTONE. 


Keailingf. 

Weig-ht taken 

A 

CaCOs 

As reading. 

WeigliL taken 

H 

(•875 of A) 

CuCO:, 

Weight taken 

C 

(-75 of A) 

^'aCO,^ j 

70’()0 



80-00 

9.H-34 1 

7U*25 



80 28 

93-67 1 

70-50 



8(»-57 

94-00 1 

70-7.f| 



80-85 

94 34 

71 00 



81*14 

94-67 1 

71-25 , 



81-42 

95*00 

71-50 


81-71 

95-34 

71 '75 



82-00 

95-6,7 

72-00 



82-28 

96*00 

72'25 


82-57 

‘.iC-34 

72-50 



82-85 

96-67 

72-75 



83-14 

97-00 

7^100 



83-42 

97-34 

73-25 


83-71 

97-67 

•23 fiO 

— 

84-00 

98*00 

j 73*75 


^’4 28 

98-34 

74-00 



84 57 

98-67 

74-25 



84-85 

99-00 

( 74 '50 

. 

85*14 

99-34 

74 75 



85.42 

99-67 

1 75-00 



85*71 

M)0*00 

75-25 

— 

86-00 


75-50 

— 

- 86-28 


75-75 

— 

86 57 


76-00 ‘ 

— 

86-85 


76*25 

— 

87-14 


• 76-50 


87-42 


76-75 

— 

87-71 


77*00 

— 

88-00 i 


77 25 

— 

88-28 


77*50 

— 

88-57 


77*76 

— 

88-85 


78*00 

— 

89-14 


. 78-25 ; 



89-42 


78-50 

— 

89-71 


78-75 



90-00 


79-00 

— 

90-28 


7925 

— 

90-57 


79-50 

— 

90-85 


79-76 

j — 

91-14 


. 80-00 

i v 

91-42 
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<29a) table of corrections to be >U5t«D TO 

CALCIMETER READING FOR VARYING AMOUNTS 
OF ORGANIC MATTER IN SLURRY. 


RI'i8UJb'.l' = <jAtD. OaCU, (;>‘I). 





CAl,CIMErEK iiEADING. 




Kvccf-s 

Cl<‘2U 

Hh 

70 

7l-*3 

: 1*90 

Ti-oB 

<3'ao 

73-92 

7iT.9 

76-27 

over 

lO 

to 

to 

lo 

ro 

to 

to 

to 

to 

to 

CO, 



.'118 

/1-H6 

12' yo 

1^21 

73-89 

1 1 

7r)-2-J 

75-l)2 

1*50 

l-OC 

' Mi; 

1-08 

1*09 

1*10 

111 

J'lL^ 

1*13 

1*14 

1*15 

MiO 

113 

i M4 

1*17) 

ik; 

1*17 

1*18 

1*19 

1*20 

1*21 

1*22 

1-70 

1*20 

1'2J 

1 2:5 

1*24 

1*25 

1*26 

1*27 

1-28 

1*29 

1*30 

1-80 


1 2'.l 

1450 

1*31 

1 -33 

1*:}1 

1*:15 

1-36 

1*37 

1*38 

i-flO 

1 -IJ;') 

l‘3() 

1*3- 

1*39 

1-10 

1*11 

1*12 

1*43 

1-14 

:*45 

l^'OO 

1'42 

l-l:; 

1*4! 

i-k; 

1*47 

1 *49 

1*50 

1-52 

1*53 

1*54 

2'JU 

i'49 

1*50 

L*r>] 

1*53 

1*51 

1*56 

1*57 

1*59 

M>0 

1*61 

2*20 

i-5i; 

l-;.s 

1*59 

Mil 

1*62 

1*64 

m;5 

1-67 

1-68 

1*69 

2* 30 

im;;! 

i-(;5 

Mo; 

1-68 

1*69 

1*71 

l-7:i 

1-71 

I -76 

1*77 

2'40 

1-70 

1*72 

1*74 

l-Tfi 

1-77 

1-71) 

l'«2 

i-83 

1*84 

1*85 


1'7H 

1'80 

i-si 

1 *83 

1-85 

1*87 

I-«l) 

I -110 

1*92 

1*94 

2*b0 

J 85 

3 *87 

1 *89 

1-90 

1*92 

J*91 

1*96 

1*97 

1*98 

1*99 

:i-7() 

M)3 

1*95 

1 *97 

J-98 

1-99 

2*01 

2*03 

2-05 

2*07 

2*09 

2*8t> i 

2-00 

2*02 

2*04 

2*05 

2*07 

2*09 

■i’li 

2*13 

•2*15 

2*17 

li'llO 1 

2 ‘08 

2*10 

2*12 

2*13 

I'-U. 

2*17 

2*19 

2*21 

2*23 

2*25 

3‘0() 

2 1 5 

2*17 

2*19 

' 2*21 

2*23 

2’25 

2*27 1 

2-29 

2*31 

2*33 

3-10 

2*23 

2* 25 

2*27 

: :^'ii9 , 

2*31 

2*:53 

! 2*35 i 

i 2*37 

•2*39 

2*41 

3*20 

2’30 

2*32 

2 34 i 

2*30 i 

2*39 i 

2*41 

2*43 

j 2*45 

2*47 

2*49 


2*37 

2*39 

2*41 

2*13! 

2*46 

2*48 

2*51 ! 

2*53 

2*55 

2*57 

a‘40 

2*44 

2*47 

1 2*49 

2*51 

2*53 

2*56 

2*59 

2*61 

2*63 

2-65 

3 ’50 1 

2*52 

2*55 

2*57 

2*59 

2*61 

2*61 

1 2*67 

1 2*(;9 

2-71 

2-73 

3’60 

2'(;o 

2*02 

2*65 

2*67 

2*69 

2*72 

1 2*75 

i 2*77 

2*79 

2*82 , 

3-70 

2*68 

2-70 

2*72 

2*74 

2*77 

2*80 

2*82 

1 2*85 

2*87 

2*90 

3*80 

2*75 

2'77 

2*80 

2*82 

2*85 

2*88 

2*00 

2*93 

2*95 

2*98 

390 

2*83 

2*85 

2 87 

2-90 

2*93 

2*96 

2*98 

3*01 

3-04 

3*06 

4-00 

2-i)() 

2*92 

2*97) 

2*98 

:>*oi 

3*04 

3*06 

3*09 

3*11 

3*14 

4*10 

2-97 

2*99 

3*01 

3*04 

3*09 

3*12 

3*14 

3*17 

3*19 

3*22 

4-20 

3*04 

306 

3*09 

3*11 

3*17 

3*20 

3*22 

3*24 

3*27 

3*30 

4'30 

3*12 

3*14 

8-17 

3*19 

3*25 

3*28 

3*30 

3*32 

3*35 

3-3S 

4*40 

3-20 

3*22 

3*25 

3*27 

3*33 

3*36 

3*38 

3*40 

3*42 

3*44 ; 

4*50 

3*28 

3-30 

3*33 

3*35 

3*41 

3*43 

3*46 

3*48 

:>*50 

3-5*2 


In thB-first column find the Kxces.-? “ IaOss on igrtition ” over (JO.^ then iin n , 
Eiie with it under the given calciiiieter reading will be found the figure to be . 
Added ill order to obtain (Jaloulated €aCO|.'' 
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(30a) table of 

PRESSURE OF AQUEOUS VAPOUR. 




11*2 ' 17'0 II ) I' LM*<i I IK-:, 

II-:, ; i 7 -:, ii iM‘-> I isi -1 

1 'i i 

11 •'.» 0 I : ll*’7 j 


1 ' 1 ' - 2 ’.'! ' 2 <> K ! 

/ i ■ j ! 

12 7 i' r.*’*' I U)*;i i! ! 20’9 

: i| 1 

l;|-l 1 I It) I* j| 22 ,-:» I 2 i*r> 

i;,-:, i 2<» <• 1 17*1 ll 2!‘i> I 22*2 

'i ' I 

11-0 i* 20v ' I7*i> Ii 2I*:» I 22*2 

I 1 
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(31a) temperature correction table 



'r r "a "x X '/ x x X. x x ix X 'T X » X X (X X X oc oc X _x_ ^ ^ ^ 

I - 1^' I - X X oC' x X, 


iri Cl c^i "'m' ca rc cc so « ffO 
cr^x oO'i'f ~ xc cith^c qc^ 



Cl Cl Cl c I C( rc C. V.- V. -r -r ' 

oc X X r ■/ X X X x X :r. x r j 

yi r f s. / r. c z. - z z. ~ ~ ‘ 

9 X r Cl -t< X c oi *- I - * — s 


■ ic It e -ii i c i T- i- • ' i- % Tn 

’- 'jc A 'A X Xi X X’ X XX X. X X X X X X X 


0 )C — sc 10 I ' -i M ^ ^ . 

^ — i-' i'‘ 'O o iO ".O' :c r- I - I '* X X 

f X, f xf X X A A. A X X X r X X X X X x x x x 



O 

o 


-S^iil-oboOOOXXX'XXXXXXXXXXXXXXXXXXXXXXX 

x^x X X X XX X: XX XXX x.x.x.x... 

-!#-£■« CD w <o 00 p « ^ cp op oea^cpxoN-^'cpqopoa^cpx© | 

»^^^00 00 d 0 O 00060 O>a^®®®SSSXS 3 Jj;^SlSSSSSSnSSSSnftJ^ 
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(32a) barometric pressure correction 

-- j ■' '“i ' . ~ , 

74(t r»‘ 712 i 7411 j74l.r},74r).r) 747 748 71:>.7 7A1 , 7.72 7^73 I754.;7, •. 7.77 7.78 780 

Mtp Mm i Miii I Mil, Mtn ! Mm Mm ' '.Im Jl'" Mm Mii. ^ Muj ' ^llli ^llll Mm , Mm 

Sl‘0:isr7s'8l-0:{;Hl -IOIHI :r.81-22Hl*(KS,s<rU4S0-80S(> 2U80-2<)H(>-I2 7i) 00 71080 

;s‘' 1 S'"* -oi . 8 1 ' 0 ] K 1-77 iS i ■(»:'. s i -. m » s i :o i s i 22 S l •< *8 s{ ^ ; ):> .v > -si s* h ',7 s( ) -.74 m > • l ( ) so ■27'8o os' 
■r- 1 I i 

82-4H.s2:u82 is's: 04SI-OOK1 77 81 -oils 1 40 si si 2JS} oss/i 01 ^0 SI sooTSo r):{,.so':i7 

S2'7os2liIS2 iO s2 l>2 s2 lSS2'0.7si 01 si 77sj tlOS| .lOsI 22 sI'O0ko 0.7St>-S2S(i‘(,2> 

s:>- 04S2'00S2 71 S2 0<»S2‘4r»S2':i:iS2 iO.''2 0oS| 01 si 7SKj (,4 SI 77sl 2:;si losooi 

S‘l 112 8;) !T82’02 s2 s2 7 I S.‘ 0! S2 47 S2 IV'. s2 |ms:MM>s| 02 >1 i7s! 71 SI ;WSl 10 

s:00OS3 47S2 80s;} HiS.) 02s^ S0S2 7.7s2 Oi Si' 1782 :>4 82 2!» S2 Ot'i 81 OiiSi '70 SI -(iOSl -47' 

'S;1'SSs 3‘7;18;1‘7S'H‘! Itsiioosu I7S;> oosj ‘''.|S2’77S2 ( -‘Sj Oi s2 H I 82 21 s2 07 SI 04 si '74 

8l‘17 8l OOS2>'S.7 8."> 77H!1-.77 s:i i I mO' .O* s:'> I •' SO ('2 S2 so 82 7 > ^2 (•.''> s 2 Is SO M 82 ‘21 S2 02; 

8 1 ’12 84 28 S 1 ’1 7 sO 00 80 S.8 SO 7 2 SO .'>8 8^. 4 I 8.1'7'« s;, ' 7 80 {*7 82 S’i s2 s2 02 *'2 40 S2 ;>0, 

,8 1’72'k 4 ;77 81 42 84 28 s (■ Ol'sl 01 si) sT 8;t TO 7o ml 0* .’02 I'- s7 o.» 0) 78 82 7!t 

i87-Oo'h4 ’87 84-70 ^4 70 si 42 si -208 I 17 SI 01 S:^ .S7'S:5 Ti m‘5 00 s:i U><?, OOsH 1083'O(’,82 87, 

,8rv2SS.7‘i;;8l’0sM'M's4‘7oS-t’77s! 42 84 'O-Hl 178} 02s’l sSS!) 7482 ol s:4 47'8;i’;i 1,8:M 7' 

’Sr)’76Hr)‘4 1 85’2(is’> 128l‘<>8 s4’Sr»S4‘7l 8l'778l 4:isl-:>084 !0kSiM02s;i SMS3 7783 02 83‘43 

!S7-8.38r)’r.sS.j 7:1 sr>';i'- 8,7*27 s7 1281 0881-848! :o'84-77 84*17 84-20 8 I 10 84-02 8H'S0;8;j -TO; 

'80-12 8r)-07!87 82 87 7087 73 87 4U.87'jOS.i !2s4 0881*87 s4 71 si 77 84 4 1 84 30 84 17 8:4-08, 
' . : , ’ ' i I 

>H»>-40Hd-27 8(, 10 80-01 87'.81;87’0SS7 74 87 40 87 20,87 1381 OOst 87 84-7284 7S S4’47‘84-20| 

i 1 ' , ' ' * ! 

|80'08 80-73 SO -38 SO 32 .80 00 87-00 S.7 .'^2 87*08 87-7 1 ;.S7 4 1 8.7*27 S..- 1 3 ,87-00 81 -sO 84-73'84 54l 


80 00)80-8! SO-OOSO OO'SO 37'HO 2480-1087 00 85-S2;S.7 00:S7 77 87-41 87-2S;87- 14 85*01 |84*82j 
87*24 87 ()0S.)*04 80 88,80-1)7 80*72 80-38 80*24 80 10.87*0*7 8;>-83|K5*70'87'70iH5*42 85*20jH;) lOl 


.87'52 87'37,87 

’iH7*80'87-0,“‘'87 
! ' 1 
j8H*08 87 03:8 
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BAROMETETC PRESSURE CORRECTION. 


' I , ■ . , , . i i 

'n 'aCO J ' 7(>3 '7«4.5 7n: TtW 7(»‘».7. 771 772.2 773.5 774.7 77(i 777.277^.5,770.7; 7B1 

cont, Min Mm ' Mm .Mm Mm Mu Mjn Mm Mm Mm Mii, Mni Mm Min ! Mm I Mm 

' ' ’ , I i i 

1 71*50 70 07 70 .7.370 3f>70 20 ;*( 12 7S-0078\S(» TSi;? 7S TOIYS 3O7S-2(17^<'12 77-00;77‘8O;77'61 77\»3l 
71*75 70305 7M'I>7 70 5J70 40 7'» 27 70 -ok 78-0.7 7S si 78 07 7-8 5178 40 7S 27 78 '08 77-05 77-71; 

72,00 80-22 80 U8 70 01 : I SI 70 0,7 70-.>:; Tir.Ti 70 2270-087.8 ii4 78-81 7S 07 78 54 78-35 78 '22 78*08' 
72*25 80-50 S0-3(i 80-22 SO-OO 70 '‘,->70 82 70 0 7i»-.50 70 30 70-22 70-00 78 t>5 7S 82 78 -0:n8-5Oj7S*30| 

72*50 80 78 SO 01 80 50 sr* 37 23 8'. !o7o-!U 70 78 7') oHO 50 70 37 7io23 VO'IO 78-01 78'787H’04i 

i I 
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' 73*00 8 1 '31 I ‘20 81-00 80-03 7t(sO Oh. so 47 80 31 .80 20.80 00 70 03 70 TOTO'OfiTO 47,70-34 70'20| 

* i 

73*25 8 1 (L'sl 48 si lU 81-21 si -07 so si s(; 758O-(,280 ISSO-31 80-21 81) 0" 70 04 70-75 708, 12, 70-48i 

' 73*50 .81 -.so si '75 si (tl si ISSI ,’U .81 -21 8 1 n2 s(» sOSO 75 SO 01 SO 48 SO 34 K0'21 So-02 70 80 70’7i) 

■ 73*75 82 I7s2 0,38j sosl-Ti.s) (iJM-losl ‘lost i7s|-o3SO 8!>so-70so 02 8o-4080-3080-17|HO-u3 
' 74*OO s 2-4082 3282 iSs2'05Sl -.O s| 7SSI .‘lOSl ji.Sl 32 si -IS si -05.80 01 SO 78 S(f50;80-40 80-32 
74*25 82-74^2-00 82- 10 S2 5.. s2 1082 oosl STsl 74 81 <i0Sl OiSl 33 8ri0Sl-OOS0'87H0*74jH0'00 
74*50'83'02 82 .88 82 74 .s2-rij S2-i7 82 34 82 I5'.s2 02, S) vSS si 74 Si -(.11 ;S| -47 81-34 81 -irKSl -02'8O-88 

''1 ' ' - ! - .1 
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150 CEMENT CHEMISTS’ HANDBOOK 
(34.x) 

TxVBLE FOB USE WJTH BL(.)UNT’S FLASK. 

SPECIFIC GRAVITY. USING 50 GRAMS OF 
CEMENT AND 50 c.c. OF OIL. 
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{.85a) Table for Use with Anderson’s Specific Gravity 
Bottle using 150 grams of Cement and 200 c.c. of Oil. 


1 

Siicfilic ' 

1 

- 1 

8{mtI(r' 


8]m»*ltii* 

nieut. 


lltout. j 

«:ravily. 

nuMit 

yriivOty. 

4:)'U 

! 

i 

49*0 

4*061 ! 

54*0 

2*840 

■1 

3-:m 

*1 

4*055 1 

*1 

2*821 


3':nn 

*•> 

4*049 

'2 

2*820 


a '.'.11 

; 

4*014 

•3 

2*814 

i ’■! 


4 

4*046 

I 

2*809 



•5 

4*(»4w 

•5 

2*804 

G 

:> ‘289 

*6 

3*0*24 

*6 

2*798 

'7 

:{‘282 

*7 

4*018 

*7 

•2*794 

'8 

3-27.' 1 


4*012 

*8 

2*788 


1 

*9 

4*0(»6 

*9 

2 782 


4*201 1 

1 50 0 

4*000 

54*0 

2*777 

•1 


: *1 

2*994 

*1 

2*772 

•j 

4 -2 17 

••> 

2*988 

*2 

2 767 


a 210 

•;{ 

2*98*2 

i *4 

2*762 

■4 

;'>*2:>:', 

, • } 

2*976 

i *1 

1 *2*757 


4-220 

*5 

2*970 

*5 

1 2*752 

•G 1 

4 *2 19 


2 9‘>1 

i *'* 

2*717 

■" I 

4*212 

*7 i 

2*95i» 

1 *7 

2*742 

•8 1 

4*205 


2*954 

!; -8 

2*747 


4*198 

i 

•2*947 1 

: ’•* 

2*742 

47-0 

4*191 

1 51*«» 

1 2*941 

! .55*0 

2*727 

*1 

1 4*185 

1 

2*945 

; *1 

2*722 

1 li 

! 4*17^ 

*2 

2 ‘94< > 

*2 

2*718 


4*171 

1 

2*921 

*4 

2*712 

•4 

1 4*105 

*1 

2*918 


2*707 

•5 

4*J58 

*5 

2*914 

'5 

2*702 

•G 

4*i:.i 

*6 

2*907 

' ‘6 

2 *657 

•7 

4*145 

*7 

2*901 

( 

2*693 

•8 

4*148 

*8 

2*896 

1 *8 

2*688 

•9 

4*142 

*9 

2*890 

1 

2*683 

48*0 

' 3*125 

52*0 

‘2*885 

i 56*0 

! 2*678 

•1 

4*119 

1 *1 

2*879 

•1 

2 67H 

'2 

I 4*112 

1 *2 

2 87 1 

•2 

2 *61)9 

•3 

i 4*106 

•5 

2*868 

*4 

2 664 

4 

• 4*099 

1 -I 

2*864 

1 

2*659 

1 

, 3*094 

*5 

2*857 

•5 

2*654 

■G 

4*086 

•6 

2 852 

•6 

2*650 

•7 

4*080 

•7 

2*816 


2*645 


3*074 

•8 

2*841 

I 

2*640 

•9 

3*068 

•9 

1 

2*846 

i 

2*646 
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. 17/> 

2.3 


. I7( 

20 

jJii.r null Mauncsia, 

. lo- 

20 

— Cement, ... 

. lit) 

101 

- - -- — Silic.i an‘l lnsolul)le, . 

117, I'A'J 

102. 107 

— — hivoiulile, .... 

. 127 

10b 

Alumina ami Ferric ()\i«lc, . 

.ns, 124 

102, 107 

-- Fcnic ()\klc. 

US, [m> 

103 

- - Lime, . . . . 

lib, 120. 12,7. 
1.32 

lOL 108, 112 

— Magnesia, .... 

.121, 120 

m, 108 

AlUahe.L . 

. 122 

100 

. Sul]i)nnie Aiihvclikle. 

. 128 

110 

Sulphur a.s Sulj»liicle, . 

. 120 

no 

. L<»ms on iRiuiion, 

. 130 

111 

— ('arhon Dioxah', . 

. 131 

112 

_ KeeiU'V C‘em('llt, 

. 134 

114 

— Silica ami liiRolu bio, 

. 135 
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in 

. . Lime and Magnesia, 



— Sulphuric Anh^^dride, . 

; 137 
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115 
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() 
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. 2, 3 
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7 
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r> 

8 
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7 

11 
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14 
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K) 
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13 

IG 

(^arl)on Dioxide, . 
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. 18 

20 

Soluble Salts, 

. 186 

28 
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. IHf 

28 

Sand and Insoluble, . 

19, 20, 22 

28, 30 

Silica, . . . • .23 

Alumina and Iron Oxide, Lime and 

30 

Magnesia, 

. 24 
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01 
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(»2 
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02 
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hA 
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<>h 

(.4 
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( ,j 
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00. 00 
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. 1 1 :i 

00 
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i 1 1 

00 
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. 1 ;u 

1 M 
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1 

<> 
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07 
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22 
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Xalural (Vinent JJoek. 
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08 
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(>!i 

00 
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70 

7(1 
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. 71, 7lo 

72 
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72 

72 
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i:\ 

711 
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71 

715 
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lih 

74 
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70 
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14 
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27 
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2s 
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